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Exclusive on-the-spot reports of significant science achievements, 
presented in cooperation with the American Association for the 
Advancement of Science and the National Academy of Sciences. 


Acclaimed as a great new concept in television programming, CON- 
QUEST is designed to give the public a better understanding of the 
scientist and his work. 


Eric Sevareid, distinguished CBS News analyst, is CONQUEST host 
and narrator. Topflight CBS newsmen and camera crews go wherever 
scientists are making news, film eye-witness reports. 


On the third of the new CONQUEST series, you'll see International 
Geophysical Year scientists at work in the Antarctic, seeking out the 
secrets of this unexplored land mass... new developments in open- 
heart surgery... other vitally important scientific break-throughs. 


MONSANTO CHEMICAL COMPANY PRESENTS 
ANOTHER IN ITS SERIES OF SCIENCE DOCUMENTARIES 


SUNDAY, MARCH 9 


on CBS-TV 


Check Your Local TV Listings 
for Time and Station 


WHERE CREATIVE CHEMISTRY WORKS WONDERS FOR YOU 
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More than two years’ research went into the 33 a// 
new instruments that have been added to the Nuclear- 
Chicago line now offered to the small or large nucleonic 
research laboratory. Among these high-quality ad- 
vance-design instruments are many completely 


1A Model DS5-3P Scintillation Detect 


Nuclear-Chicago offers complete new 
nucleonic laboratory instrumentation 


automatic counting systems. 

Whether you are just starting a modest radioisotope 
laboratory or expanding present facilities, call on 
Nuclear-Chicago. For complete details on the new 
Nuclear-Chicago line, write for our new Catalog “Q”’. 


2 5 Model 2612P Portable Survey Meter con- 


with exposed 2” x 2” sodium iodide 
crystal and 1B Model 132 Analyzer 
Computer for precision gamma-ray 
measurements using pulse-height dis- 
crimination techniques. 


2A Model DS5-5 Scintillation Well Counter 
with exclusive ‘‘scaler-spectrometer” 
circuit and 2B Model 1820 Recording 
Spectrometer for automatic quantita- 
tive energy separation of gamma-ray 
spectra. 


tains a 1.4 mg/cm? thin window G-M tube 
for surveying for alpha, beta, or gamma 
contamination up to 20 milliroentgens 
per hour. 


6 Model 2586 ‘Cutie Pie" features inter- 
changeable ionization chambers for 
measuring beta, gamma, or x-radiation 
up to 250 roentgens per hour. 


3A Model 183B Count-O-Matic Binary 
Scaler, 3B Model C110B Automatic 
Sample Changer with Mode! D47 Gas 
Flow Counter, and 3C Model C111B 
Printing Timer for completely auto- 
matic changing, counting, and record- 
ing of as many as 35 soft beta emitting 


radioactive samples. circuitry. 


4A Model 3054 Manual Sample Changer with Model DS5 
Scintillation Detector which features interchangeable 
alpha, beta, or gamma sensitive crystals connected to 
Nuclear-Chicago's finest scaler, the 4B Model 192A 
Ultrascaler. Model 192A features decade scale of 10,000, 
one millivolt sensitivity, and precision automatic 


7 Model 1620A-S Analytical Count Rate 
Meter offers a wide choice of full scale 
ranges, four time constants, wide range 
high voltage supply. It is shown witha 
Model D34 thin window G-M tube and 
P11 probe for continuous monitoring or 
analytical radioactivity determinations. 


nuclear - chicago 
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High purity (99.9%) and inherent compatibility 
make Electromanganese an ideal alloying ele- 
ment. The absence of silicon, carbon, and other 
impurities gives ferrous and nonferrous metal- 


just naturally takes to alloying 


form results ... provides a whole string of se- 
lected and unique properties. Electromanganese 
alloy combinations run the metal gamut from 
A to Z. Here’s a sampling of the properties 


lurgists an alloying element that produces uni- Electromanganese adds to— 


desirable hardness with no harmful effect on cor- 
rosion-resisting properties; improved strength at 
elevated temperatures 


Auminum 


Copper 
Tron 

Magnesium 

Nickel 


Titanium 


Zinc 


high strength and high resistance to chemical cor- 
rosion; also provides unusually high damping 
characteristics and electrical properties 


high strength, toughness, good drawing and ma- 
chining properties; also counteracts the harmful 
effects of sulfur 


improved resistance to corrosion by salt water, 
increased yield strength of the wrought alloys; also 
confers weldability 


improved malleability, high heat-dissipating capac- 
ity and high resistance to oxidation and corrosion 
at high operating temperatures 


high strength to weight ratio combined with good 
‘formability 


increased strength, workability, and corrosion- 
resisting properties 


Electromanganese— Foote’s electrolytic manga- 
nese—is also used as a substitute for rarer, 
more expensive metals... as a melt deoxidizer 
and scavenger. Electromanganese may well be 
the key to your search for newer, better metals. 


ELECTROLYTIC MANGANESE METAL 


To find out more about the potential of Electro- 
manganese you ought to have our Bulletin 201. 
Write letterhead request to Technical Literature 
Dept., Foote Mineral Co., 471 Eighteen West 
Chelten Building , Philadelphia 44, Pa. 


NITRELMANG HYDROGEN-REMOVED ELECTROMANGANESE RIMEX 
MANGANESE SULPHIDE #* WELDING GRADE FERRO ALLOYS *© COMMERCIAL MINERALS AND ORES 
LITHIUM METAL, CHEMICALS, MINERALS ¢# ZIRCONIUM, TITANIUM, HAFNIUM (IODIDE PROCESS) 


SCIENCE, VOL. 127 


A 
eX 
5% 
pl 
Ki 
@ 
we 
= = to 
wi 
i 100 we 
5 
bu 
fu 

for 
Ar 
| 
ad 
iz 
52 
po 
in 
cui 
Wy 
YY [ 
52 
“tee enc 
the 
50 
Ro 
bri 
pur 
ato 
53 
new 
tori 
tior 
53 
Ml 
com 
cov 
tho 
53% 
by 
hea 
hi iN 533 

ener 
53 
— Ke 
hav 
MINERAL COMPANY subj 
earl 
Har 

444 %8 


tro- 
201. 
cure 
Vest 


RIMEX 
ORES 
SESS) 


DL. 127 


For the Thinking Man’s Librar 


The Important Books of our time 


By outstanding experts in each field 


AERODYNAMICS 


AUTOMATION } 


520 (] BOUNDARY LAYER EFFECTS IN AERODYNAMICS. 
A comprehensive survey of this outstanding development in 
fluid mechanics. A symposium by 16 American and foreign 
experts. $12.00 
521 (] AEROPLANES AND AERO-ENGINES, edited by 
J. H. Clark. This edition contains twenty-four cut-away 
drawings by J. H. Clark, J. Crawley, B. A. J. Hatton, R. J. 
Way and R. Wood, which have appeared in ‘“‘The Aero- 
plane’’ over the past two or three years. Of particular inter- 
est to students of aircraft engineering, the drawings feature 
a variety of types of British civil and military machines, 
including helicopters. -00 
522 [|] DEVELOPMENT OF THE GUIDED MISSILE by 
Kenneth W. Gatland. This is the second edition of an im- 
portant book which presents factually all the main informa- 
tion available on the contemporary development of guided 
weapons and rockets for military and peaceful purposes. 


4.75 
523 [] ROCKET by Sir Philip Joubert. The rocket story 
the author unfolds from man’s first modest efforts through 
to Peenemunde, and the Allies’ eventual triumph over the 
German Rocketeers, is one of fascinating technical interest, 
with dramatic situations, which in fiction would hold us 
tense. V1 and V2 produced grisly tragic consequences, still 
too recent for comfortable thought, and we can but pause 
and consider with concern the ‘‘future of the rocket as a 
weapon of war.”’ 6.00 
524 (] AIRCRAFT ANNUAL 1958 by John W. R. Taylor. 
With a wide selection of articles by experts on all aspects 
of aviation, this work not only keeps abreast of progress, 
but leaps ahead to give a preview of the aircraft of the 
future. Fully illustrated. $6.00 


ARCHEOLOGY 


525 [] DEAD TOWNS AND LIVING MEN by Sir Leonard 
Woolley. Sir Leonard Woolley is not only one of the world’s 
foremost archaeologi and the di of the treasures 
of Ur, but a writer of distinction and an authority on the 
Arab and his way of life. This book, long out of print, has 
now been revised and much additional material has been 
added by the author, Illustrated. $6.00 


ASTRONOMY 


526 ([] CONSTRUCTING AN ASTRONOMICAL TELESCOPE 
by G. Matthewson. A work for astronomomers who wish to 
possess an instrument capable of exploring the universe 
without involving a large capital outlay, and for anyone 
in search of a hobby demanding patience and extreme ac- 

$3.75 


curacy. Illustrated. 


ATOMIC ENERGY 


527 [] THE ATOMIC AGE AND OUR BIOLOGICAL FU- 
TURE by H. V. Brondsted. The aim of this book is to 
describe the biological, and particularly the genetical, ef- 
fects that may ensue from the increasing use of atomic 
energy. H. V. Brondsted has been Professor of Zoology at 

2.75 


the University of Copenhagen since 1948. 

528 (] ERNEST RUTHERFORD: ATOM PIONEER by John 
Rowland. Lord Rutherford will be remembered most for his 
brilliant and revolutionary research into atomic physics, and 
as the result of his work, rapid progress was made towards 
the development of the atomic bomb, the building of power 
stations, and the utilizing of atomic energy for industrial 
purposes, Illustrated. $4.75 
529 [] ATOMIC ENERGY IN AGRICULTURE by William 
E. Dick. The author, former research biologist and editor 
of Chemical Journal, describes the tremendous potentials of 
atomic research as applied to crop yield, plant disease, pest 
control and food preservation. Illustrated. $6.00 
530 [] ECONOMICS OF ATOMIC ENERGY by Mary S. 
Goldring. A critical survey, by a leading economist, of the 
industrial applications of atomic energy. Data includes the 
new concepts required in the development of atomic fac- 
tories, investment factors, comparative fuel costs, automa- 
tion, export markets and pilot plant studies. $6.00 
531 (] ATOMIC ENERGY IN MEDICINE by K. E. Halnan, 
M.D. Radiation therapy, its uses, controls and hazards are 
comprehensively detailed. Among the specific applications 
covered are cancers, thyroid conditions and blood diseases. 
Newly developed diagnostic and research techniques are 
thoroughly surveyed. Illustrated. $6.00 
532 [] RADIO ISOTOPES, A NEW TOOL FOR INDUSTRY 
by S. Jefferson. The industrial applications of radioactive 
materials in such areas as testing for leaks in tanks and 
Pipes, batch mixing controls, transmission, detection and 
health precautions. $4.7 
533 [] OUR NUCLEAR ADVENTURE by D. G. Arnott. A 
lucid appraisal of the good and evil potentials in nuclear 
poe Includes basic data through disposal of radioactive 
waste, 
534 [] ATOMIC ENERGY RESEARCH AT HARWELL by 
Kenneth Edmund Brian Jay. It describes the work done at 
Harwell between 1951 and 1954, and, in addition, changes 
in the regulations about the release of secret information 
have made it possible to discuss in more detail some of the 
subjects which were only mentioned in general terms in the 
earlier book. The author is Principal Scientific Officer at 
Harwell since 1947. 19 half-tones. $4.75 
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535 (] ELECTRONIC COMPUTERS by T. E. Ivall. A non- 
mathematical introduction to the mechanism and application 
of computers employing valves and transistors, primarily 
written for technicians, engineers and students with a 
knowledge of electricity or electronics, but also suitable for 
business executives. Both digital and analogue computers 
are covered, the bulk of the book being devoted to describ- 
ing their circuitry, while their rapidly developing applica- 
tions in industry, commerce and science are also outlined. 
In the final chapter the future evolution of computers is 
discussed. About 40 drawings and 25 photographs. $10.00 
536 [_] AUTOMATION: ITS PURPOSE AND FUTURE by 
Magnus Pyke. An electronic computer can co-ordinate in a 
series of manufacturing operations—it can, in fact, fulfill 
the functions of a human operator in a factory or an ac- 
countant in an office. This is ‘‘automation.’’ Dr. Pyke re- 
views what is already being done automatically and dis- 
cusses the speed with which automation is likely to spread 
here and abroad. He is decidedly optimistic about the broad 
social effects of the new revolution. Illustrated. $10.00 


| ELECTRONICS 


537 [] INDUSTRIAL ELECTRONICS CIRCUITS by R. 
Kretzmann. With the increasing application of electronic 
aids in nearly all branches of industry, there is a growing 
need for circuits which have been proved in practice, not 
only to serve industrial engineers, but to assist technicians 
engaged in the development of electronic equipment. The 
present volume includes over 200 carefully selected, repre- 
sentative electronic circuits for industrial use. $10.00 
538 [] INDUSTRIAL ELECTRONICS HANDBOOK by R. 
Kretzmann, 2nd enlarged edition. Now considerably enlarged 
and brought up-to-date. The first part of this up-to-date 
book describes the principles and properties of the various 
classes of electronic tubes, together with typical applications 
and circuits. In the second part a separate chapter is de- 
voted to each of the main types of application, containing 
a large number of practical examples. $12.00 
539 (] ELECTRICITY AND MAGNETISM by J. Newton. A 
detailed study of the phenomena and theory of electricity 
and magnetism. The first ten chapters set out clearly the 
fundamental material on current electricity. The author 
then deals with electrostatics, magnetic properties of ma- 
terials, magnetometry and thermoelectricity, concluding with 
a survey system of units, electronic circuits and elementary 
atomic physics. The author is Senior Lecturer in Physics, 
at Northampton Polytechnic, London. $10.00 
540 [] ELECTRO-TECHNOLOGY by M. G. Say. A concise 
and comprehensive daily reference work for all electrical 
engineers. $6.0 
541 (] ELECTRO-MAGNETIC MACHINES by R. Langlois- 
Berthelot, Chief Research Engineer ‘‘l’Electricite de 
France.’ This book was first published in France. The 
author is the Chief Research Engineer for Production and 
Transformer Equipment at ‘‘L’Electricite de France’ and 
Professor of Electrical Engineering at L’Ecole Superieure de 
Paris. 308 diagrams. 


ENGINEERING 


542 [] PROCESS ENGINEERING IN THE FOOD INDUS- 
TRIES by R. J. Clarke. An up-to-date technological account 
of chemical (or process) engineering in the manufacture, 
preservation and purification of foodstuffs. A work directed 
primarily to those responsible for the management of in- 
stalled plant, for the handling of inquiries from manufac- 
turers, and for the improvement of performance of existing 
plant installations. 3 

543 [] CAVITATION IN HYDRODYNAMICS. A critique of 
the progress being made in the field and detailed discussion 
of the physical aspects of cavitation phenomena. A sym- 
posium by 22 eminent scholars. $15.00 
544 [] INTERNATIONAL DICTIONARY OF MECHANICS 
AND GEOLOGY by S. A. Cooper. The up-to-date French, 
German, Spanish nomenclature for machines and their com- 


ponents; metals, mining, geology, scientific terms pertinent 
to the coal, iron, steel and other industries. An essential 
dictionary for engineers, geologists, mechanics and manufac- 
turers. $6.00 


| MEDICINE 


546 (] THE NEUROSES AND THEIR TREATMENT edited 
by Edward Podolsky. The neuroses are of concern not only 
to the psychiatrist, but to the general practitioner. In this 
collection of recent articles by some 45 eminent psycholo- 
gists and psychiatrists, the neuroses are approached both as 
to diagnosis and treatment. $10.00 
547 (] ATOMIC ENERGY IN MEDICINE by K. E. Halnan, 
A thorough examination of the contribution nuclear physics 
has made to contemporary medicine. $6.00 
548 [] THE NEW CHEMOTHERAPY IN MENTAL ILL- 
NESS, edited by H. L. Gordon. The present decade of this 
century will probably be remembered in medical history for 
the introduction of the ‘‘tranquilizing’’ or ataractic drug in 
the treatment of mental illness. The present work, by more 
than a hundred medical experts, reviews their multiple ex- 
periences with these drugs in treating such psychiatric dis- 
orders as schizophrenia, manicdepression, neuroses, mental 
retardation, senility, ete. $15.00 
549 [] PHYSICAL METHODS IN PHYSIOLOGY by W. T. 
Catton. A presentation of the wide variety of physical ex- 
perimental techniques and theoretical treatments which 
have been applied to physiological investigations. $10.00 
550 [] CORTISONE THERAPY by J. H. H. Glyn. This 
work is the result of several years of intensive study in 
England and the United States of the use of Cortisone and 
its associated drugs in the treatment primarily of Rheuma- 
toid Arthritis. Illustrated. $10.00 


PLASTICS 


554 [] PLASTICS PROGRESS 1957. The latest scientific 
discoveries and developments in the all-important field of 
plastics engineering are presented in this symposium of 
reports by research specialists associated with American uni- 
versities and leading American, British and German produc- 
ers of commercial plastics. $22.50 


[RADIO & TELEVISION 


555 [] THE ENCYCLOPAEDIA OF RADIO AND TELE- 
VISION edited by J. H. Reyner. Revised new edition cover- 
ing transmitting and receiving theory and practice including 
V.H.F., color, radar, measuring instruments, equipment, cir- 
cuits and power supplies. Over 3000 entries and 750 illus- 
trations. Immediately applicable data for engineers, service 
mechanics and students. $12.00 


TEACHING | 


556 (] TEACHING SCIENCE TO THE ORDINARY PUPIL 
by K. Laybourn and C. H. Bailey. The main object of the 
authors in presenting this intensely practical book has been 
to show how every aspect of teaching Science in school can 
be treated experimentally, with the main emphasis on prac- 
tical work by the students themselves. $10.00 


| MISCELLANEOUS | 


557 () REASON AND CHANCE IN SCIENTIFIC DISCOV- 
ERY by R. Taton. Dr. Taton examines the relative role of 
active purpose and chance in the processes of scientific dis- 
covery. Steering clear of theory, he illustrates his thesis by 
practical examples drawn from the lives and works of such 
distinguished scientists as Poincare, De Broglie, Bernard, 
Galileo, Roentgen, Becquerel, the Curies, Leibniz, Newton 
and others. Illustrated. 10. 

560 [) DIRECTION OF RESEARCH ESTABLISHMENTS. 
Proceedings of a symposium held at the British Physical In- 
stitute, on ways and means of conducting scientific research 
establishments. Outstanding foreign and American con- 
tributors. $12.00 
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There Is a 
Delicate 
Balance... 
between 


QUALITY and 
ECONOMY 


product. 


NUTRITIONAL BIOCHEMICALS CORPORATION always 
assures you the economy of lowest possible prices . . . 
yet never sacrifices their proudest asset — quality of 


A COMPLETE SELECTION OF 
MORE THAN 165 NUCLEOPROTEINS and DERIVATIVES 


Typical Derivatives 
Adenosine Triphosphate 6 Mercaptopurine 


2, 6 Diamino Purine Sulfate 


Cytidine Uridylic Acid 
Cozymase Uridine 
Coenzyme |, 11, A 

Cytosine 8 Aza Guanine 


NUTRITIONAL 

BIOCHEMICALS 
CORPORATION 

21010 Miles Avenue... Cleveland 28, Obio 


Write For 
New Catalo, 
Feb. 195: 
Over 2100 Items 
Write Dept. 102 


MICROPIPETTES | 
by RSCo 


"We manufacture many styles 
of precision ultra-micro- 
_ pipettes conforming to the 
_ highest standards of volu- 
metric tolerances and di- 
mensional specifications. 


Send for free copy of . 
technical bulletin No. 29: 
LAMBDA-PETTES, 
| Specifications und Tolerances” 


: TELEPHONE: LA S5S-3833 
TELETYPE: OA 289 


=> 
(Sey RESEARCH SPECIALTIES CO. 


2005 HOPKINS ST. ‘BERKELEY 7, CALIF. 


ards—Klett Reagents. 


GLASS ABSORPTION 


CELLS 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


BIND °EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Studily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 
U.S.A. (Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issue, 50¢ extra. 
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A selection of Pergamon Press books on Biological Sciences 


CHRONIC RADIATION HAZARDS 


Experimental Study with Fast Neutrons 
By G. J. NEARY. R. J. MUNSON and R. H. MOLE, Medical Research Council 
Radiobiological Research Unit, A.E.R.E., Harwell 

This monograph reports the results of an investigation of the biological effects of chronic 
irradiation in which mice were irradiated with fast neutrons up to normal lifespan. Full biological 
and physical details of the experiment are given, including a discussion of the dosimetry. The re- 
sults include data on survival, body weight, pathology, hemotology, organ weights and fertility. The 
relative biological efficiency of the fast neutrons and gamma radiation for exposures varying from 
24 hours to 40 weeks was determined for a number of these effects. 


Price $7.50 


Progress in Nuclear Energy. Series VI. Volume I. 


BIOLOGICAL SCIENCES 


Edited by Dr. J. BUCHER, Rockefeller Foundation, N.Y., Dr. J. COURSAGET, Saclay, 
Dr. J. F. LOUTIT, Medical Research Council, Harwell 
. . . It has been left to the present editors to provide within the covers of one volume the 
essence of all the significant matters that were discussed in the biological field. The material is 
compact, concise and readily available for the non-specialist, while the specialist is provided with a 
key to the world’s literature on the subject in the detailed list of 425 references . .. Along with 
accounts of particular problems, there is a wealth of information about the practical aspects of 
radioactive work, contamination problems and personnel protection. This combination of the prac- 
tical and theoretical, the present uses and the future possibilities, makes this a very readable and 
immensely useful book . . .” Science Progress 
Price $7.00 


AN OUTLINE OF DEVELOPMENTAL PHYSIOLOGY 


By C. P. RAVEN, Utrecht. Translated by L. de RUITTER, Groninen 

A consistent and complete account of the causal factors of development from the fertilized egg 
to the adult organism, this book will serve a dual purpose: first, as an elementary textbook for 
students of medicine and biology and for grammar school teachers, who will find a list of references 
for further study; and secondly, as a readily comprehensible introduction for the interested and 
educated layman, for whose benefit a list of technical terms has been added. 
“|. . There exist large textbooks and compressed surveys, but few books that cover the ground so 
thoroughly in so small a space as this one. It is ideal for university students . . .” 


Price $5.50 British Book News 


DEVELOPMENT OF THE MOLLUSC 


By CHR. P. RAVEN, Professor of Zoology in the University of Utrecht 

This is a survey of the present state of our knowledge on development in the molluscs, both 
descriptive and experimental. It is mainly centered on the causal analysis of morphogenesis. Com- 
parative embryological points of view have hardly been taken into consideration, but the cytological 
and cytochemical aspects of development have been especially emphasized. Since the author has 
been working for nearly 20 years in this field, the researches of his own laboratory take a great 
place in this book. The literature on cytochemical and experimental embryological investigations on 
molluscs has been covered as completely as possible. In preparation. 


SECOND INTERNATIONAL SEAWEED SYMPOSIUM 


Edited by Professor TRYGVE BRAARUD and Professor N. A. SORENSON, 
Institute of Marine Biology, Trondheim 

The aim of this symposium was to bring together scientists and representatives of the seaweed 
industry to co-ordinate scientific studies and to clarify and resolve the problems arising in the ap- 
plication of available knowledge and experimental results. This volume contains important contri- 
butions on the general composition of seaweeds, their variation with the seasons and external condi- 
tions, studies on special constituents, such as vitamins, in seaweeds and seaweed products. In addi- 
tion to contributions on the main topics, others deal with subjects of special interest in medicine, 
microbiology, pharmacy, botany, cytology, morphology, plant physiology and ecology of algae. 
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Height Makes Might 


Everyone seems agreed that space science and technology are going to 
occupy a large place in the Federal Government—the question is where. 
A variety of government agencies would like to assume responsibility for 
developing the American space program, with much at stake both for the 
country and for the agencies. The central issue is the division of tasks 
between the military and civilian administrations, but there are also juris- 
dictional disputes within the two camps. 

In the Pentagon, to the now familiar struggle among the Army, Navy, 
and Air Force, a new element is added, the Advance Research Projects 
Agency. Each of the armed services has something of a claim on the military 
aspects of space. Presumably, the Advanced Research Projects Agency was 
created to settle these claims by itself assuming them. The new agency, 
which is in the Defense Department, has the authority to initiate its own 
projects in its own facilities, the theory being that when the projects 
become operational they will be turned over to the appropriate service. In 
addition, the new agency has Congressional approval to handle nonmilitary 
aspects of space science for one year. Some critics claim, however, that 
instead of eliminating competition, the agency will only prove that if three 
is a crowd, so is four. For the present, according to Defense Secretary Neil 
H. McElroy, the new agency will limit its activities to reviewing the plans 
of the armed services, which is the more usual Defense Department pro- 
cedure. 

As to possible outside civilian agencies for space research and develop- 
ment, several proposals are being offered. A bill introduced by Senator 
Clinton P. Anderson (D.-N.M.) would put the 11-year-old Atomic Energy 
Commission in charge, while a proposal by the governing body of the 
National Advisory Committee for Aeronautics recommends that the 43-year- 
old committee itself engage in astronautical research, in conjunction with 
certain other existing government scientific agencies. Proponents of both 
plans point to going complexes of laboratories, and they claim records of 
successful administration and of close cooperation with the Pentagon. A 
third proposal is for the establishment of a totally new agency, perhaps 
along the lines of the A.E.C., or perhaps as a part of a projected Depart- 
ment of Science and Technology. Some observers note, however, that a 
new agency would have to start from scratch, both in its laboratory and 
administrative set-ups. 

With the conflicting possibilities within and outside the Pentagon, the 
White House staff is offering recommendations and Congress is moving to 
consider them. James R. Killian, Jr., the President’s assistant for science 
and technology, and a group of scientists working with him are studying 
space policy as well as examining a timetable of possible accomplishments, 
The Senate, following the proposal of Lyndon B. Johnson (D.-Tex.), has 
created a special 13-member Astronautical and Space Exploration Com- 
mittee to bring together a variety of bills dealing with the subject. The 
committee is expected to frame a bill in time for passage this session. 

If the developments of science_are new, the problems that they raise for 
the administration of science are not. The successes and failures of the 
various approaches that have been tried before in this country bear some 
relation to the present question. With some attention to the lessons of 
history, we may expect to enter the age of reconnaissance satellites, moon 
shots, and space travel with sound government policies—J. T. 
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CURRENT PROBLEMS IN RESEARCH 


The Ultrastructure and 


Function of Bone 


Within recent years there has been an 
increasing understanding of the nonme- 
chanical functions of bone, and this field 
is now under intensive cultivation, from 
many points of view. The present article 
deals with current trends in research, 
with special reference to the relation of 
the fine structure of bone to its function. 

The particular function of bone with 
which this paper is concerned is the role 
of the skeleton in the homeostatic regu- 
lation of the ionic composition of the 
circulating fluids of the body. It is now 
clear that the bones serve as a reservoir 
for the all-important calcium ion, and 
to some extent for other ions as well. For 
control of the concentrations of these 
ions in the blood, which is essential to 
the maintenance of a steady state in the 
internal environment, a combination of 
ion transfer and exchange, in both di- 
rections between blood and bone, is in 
constant operation. Such transfers and 
exchange are partly purely physicochem- 
ical, but they are aided and regulated by 
biologic processes, including hormonal 
control and cellular activity. 

Current understanding of these proc- 
esses is dependent upon a variety of ex- 
perimental approaches to the subject. 
This paper, while emphasizing the rela- 
tion of structure and more particularly 
of fine structure, to function, will draw 
upon other methods of observation and 
of experiment, in order, in so far as 
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possible, to present a unified account of 
the current state of research on the in- 
terchanges between blood and bone. In- 
dividual statements are not documented, 
but a short list of references of general 
interest is appended. 


Structure of Bone 


The most striking characteristic of 
bone is that it is hard; this hardness re- 
sults from the deposition, within a soft, 
organic matrix, of a complex mineral 
substance, composed chiefly of calcium, 
phosphate, and carbonate. While the 
structure of bone, as observed by the 
light microscope, has been well de- 
scribed for many years, the introduction 
of new biophysical techniques, such as 
x-ray diffraction and electron micros- 
copy and the use of radioactive iso- 
topes, has provided much new informa- 
tion concerning the fine structure of both 
the organic matrix and the mineral of 
bone and has added to our knowledge 
of the interrelationships between these 
components. These newer methods, as 
well as refinements of those longer in 
use, continue to give insight into the re- 
lation of ultrastructure to function of 
bone, and they are being actively pur- 
sued. 

The unit of structure of bone, at the 
microscopic level, is the haversian sys- 
tem, or osteon. This is, when fully 
formed, an irregularly cylindrical and 
branching structure, with thick walls 


and a narrow lumen, the haversian 
canal. The canal carries one or more 
capillaries and venules. The cylindrical 
osteons are usually oriented in the long 
axes of the bones, and their basic struc- 
ture consists of concentric layers, or 
lamellae, the fibrils of each lamella run- 
ning spirally to the axis of the canal. 
The osteon, in addition to its canal and 
its fibrillar structure, includes large num- 
bers of lacunae, housing the cells of bone 
(osteocytes) and interconnected with 
one another and with the lumen by 
means of branched canalicules. This cir- 
culatory system, poor as it may appear, 
is the only means for transfer of fluids 
and dissolved substances between the 
hard tissue of bone and the fluids of the 
body. In cross section the osteons aver- 
age approximately 150 microns in ex- 
ternal diameter, while the canal may 
not measure more than 20 microns in 
diameter. The length of the osteons, 
however, commonly extends up to sev- 
eral millimeters. 

An osteon is formed by deposition of 
layers, or lamellae, of fibrillar bone 
matrix on the walls of a cylindrical 
cavity or tunnel, and subsequent min- 
eralization of these lamellae. After an 
osteon has been fully mineralized it loses 
some of its ability to react with the fluids 
of the body, mainly because its constitu- 
ents are less accessible to the circulating 
fluids. Throughout the lifetime of the 
individual, however, compact bone un- 
dergoes a process known as haversian re- 
modeling. This insures the availability 
of a constant supply of reactive bone, 
which accounts for less than one percent 
of the total mass of bone, and it is this 
reactive bone that gives the skeleton its 
function as a tissue. 


Techniques for 
Study of Ultrastructure 


At the electron-microscope level much 
information has been obtained concern- 
ing the fibrillar structure of bone and 
the characteristics of collagen fibers, as 
well as about the form of the crystals 
of the bone mineral and their relation- 


. 

é 

e 

n 
n 

t, 

: 

451 

VOL. 127 | 

— 


Microradlograph 


Autoradiograph 


Bone Section 


Fig. 1. Microradiograph, autoradiograph, and photomicrograph of the same section, from the shaft of the tibia of a young adult dog, 
sacrificed two weeks after intravenous administration of 250 microcuries of strontium-90 per kilogram. Undecalcified, unstained, ground 
transverse section (X 62). [Courtesy of Jenifer Jowsey]. 


ship to the collagen fibers and to the 
‘ground substance. A beginning has been 
made on the ultrastructure of ground 
substance, until recently described as 
amorphous. The potentialities of the 
electron microscope for elucidating the 
fine structure of bone, and thus permit- 
ting further insight into its functions, 
have by no means been exhausted. 

Electron microscopy of bone has been 
aided by x-ray diffraction, both high- 
angle and low-angle. High-angle diffrac- 
tion, particularly with microdiffraction 
techniques, has been of much assistance 
in studying the crystallographic proper- 
ties of bone tissue. Low-angle diffraction 
has given information about the dimen- 
sions of the particles and their orienta- 
tion. 

Microradiography requires the passing 
of x-rays through thin sections and the 
recording of differences in absorption of 
the radiation on photographic film, thus 
permitting enlargement of the image. 
Application of this technique to bone has 
given results of great interest. Whereas 
ordinary histologic sections of bone do 
not reveal differences in the density of 
individual osteons, such differences are 
clearly demonstrated in  microradio- 
grams, the younger osteons being less 
mineralized, and consequently less dense 
than the older ones. This has focused at- 
tention on the mineralization of osteons, 
and it is readily demonstrable that the 
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new and less dense osteons account for 
most of the uptake of radioactive cal- 
cium, strontium, and phosphorus. 

When a radioisotope—for example, 
strontium-90—has been administered to 
an animal and undecalcified sections of 
bone have been made, it is possible to 
prepare photomicrographs, microradio- 
grams, and autoradiograms, all of the 
same section. These may be enlarged to 
the same size and compared (Fig. 1). 
The radioisotope is not only taken up 
chiefly by the newer and less dense 
osteons; by far the greater portion of it 
is taken up by a thin layer of new and 
only slightly mineralized matrix, which 
may not be seen at all in microradio- 
grams, but which may be visible in the 
section under the light microscope. 
When this layer is absent, no appreci- 
able amount of radioisotope may be 
taken up by a particular osteon, even 
though the osteon as a whole may be 
incompletely mineralized, and hence of 
a density comparable with others which 
do take up the isotope. These combined 
techniques afford a record of the se- 
quence of events in the growth and min- 
eralization of bone, not seen by any one 
of the techniques alone. 

The results obtained on normal bone 
tissue by microradiography have been 
confirmed by microinterferometry. In 


addition, microinterferometric measure- ‘ 


ments made on decalcified sections have 


shown that the content of organic ma- 
terial varies but little from one osteon 
to another, indicating that the differ- 
ences seen on microradiographs depend 
solely upon the degree of mineralization. 
The polarizing microscope also gives 
new and valuable information about the 
ultrastructural organization of calcified 
tissues. 


Organic Matrix of Bone 


Collagen, Collagen is a fibrous protein, 
common to all forms of connective tis- 
sue. Most of the protein present in bone 
is collagen, which is responsible for about 
95 percent of the dry fat-free organic 
content. It occurs in fibers about 800 
angstroms wide, of indeterminate length, 
characterized by dense cross-banding at 
intervals averaging about 640 angstroms, 
and is generally oriented in the long 
axes of the bones, It is in an organic 
crystalline form, capable of refracting 
x-rays. In addition to a wide-angle pat- 
tern, it gives a low-angle pattern with 
a fundamental repeating unit of about 
660 angstroms; this is in good agreement 
with the cross-banding observed with the 
electron microscope. 

Collagen from certain sources, such as 
rats’ tail tendon, can be dissolved and 
reconstituted by appropriate treatment. 
When reconstituted it may assume one 
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of a number of forms, according to the 
method of treatment, including the na- 
tive form as seen in connective tissue. 
From electron microscopic observations 
it is believed that bone collagen is 
secreted by osteoblasts—the bone-mak- 
ing cells—in soluble form as molecular 
units, with the capability of self-aggre- 
gation. 

Ground substance. The remainder of 
the organic matter of bone, slightly less 
than 5 percent, is termed the “ground 
substance”; it fills the spaces between 
the collagen fibers and the crystals of 
bone mineral. In connective tissue in 
general, ground substance has commonly 
been described as amorphous, but recent 
electron microscopic observations indi- 
cate that it has an organization and 
ultrastructure of its own. It varies in 
consistency from that of the interstitial 
fluid to that of the basement membrane. 
It is coextensive with both; they repre- 
sent its fluid and condensed portions, re- 
spectively. The interconnection of the 


ground substance with the tissue fluid,’ 


by virtue of which the two exist as a 
continuum, permits exchange of ions 
and other substances with the blood. 
Chemically the ground substance con- 
sists of protein and carbohydrates, some 
of which exist as polymers of glucuronic 
acid and hexosamines, in both sulfated 
and unsulfated forms. 


Mineral of Bone 


Ultrastructure. There have been dif- 
ferences, not wholly resolved, in the re- 
ports of the form of the crystals of bone 
mineral. All observers are agreed that 
the crystals are. extremely minute, and 
estimates of the dimensions vary only 
within comparatively narrow limits. The 
crystals have been described as ‘ hex- 
agonal tabular forms, of variable size, 
but in general only a few hundred ang- 
stroms in length and breadth, and with 
a thickness of only a few unit cells, 
averaging a total of perhaps 20 to 50 
angstroms. Low-angle x-ray diffraction 
results have been interpreted to indicate 
that the crystals are rods or hexagonal 
prisms, about 200 angstroms long and 75 
angstroms in diameter. That the crystals 
are rod- or needle-shaped, with a length 
of 200 to 700 angstroms and a diameter 
of 30 to 50 angstroms has been the find- 
ing most commonly reported, from elec- 
tron microscopy, in recent publications. 
All of these findings are in agreement 
about the tremendous surfaces of the 
crystals in relation to their mass and 
about the importance of surface phe- 
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nomena in determining the composition 
and reactivity of the mineral phase of 
bone. 

A subject of much current interest is 
the interrelationship between the col- 
lagen fibers, with their cross-banding, 
and the mineral of bone. It has been 
suggested, but not proved, that the col- 
lagen fibers, or some part of them, are 
responsible for seeding and thereby initi- 
ating the deposition of the crystals of 
hydroxyapatite, perhaps by the phe- 
nomenon known as epitaxy. A variant 
of this is the proposal that the mecha- 
nism of nucleation involves a specific 
stereochemical configuration resulting 
from a particular state of aggregation 
of collagen macromolecules. In any 
event it is clear that the long axes of the 
crystals are commonly oriented in the 
long axes of the collagen fibers, that 
they are arranged for the most part 
around the fibers or fibrils, forming a 
sort of a sheath, and that they have a 
special relationship to the cross-banding. 

Small particles, approximately 
angstroms in diameter, with no_pre- 
ferred orientation relative to the fibril 
axis, have been described between the 
bands in the earliest stage of calcifica- 
tion. In fully calcified bone the crystals, 
oriented in the fibril axis, tend to form 
bands around the collagen fibrils, leav- 
ing gaps, as observed with the electron 
microscope, between the bands (Fig. 2); 
these gaps correspond to the spacing of 
the collagen fibrils between the periodic 
cross bands. In some instances the crys- 
tals are long enough to span two or 


more major periods, obscuring the fiber 
period. The question of the possibility 
of crystalline or amorphous mineral 
substance, situated within the collagen 
fibers, remains undecided. The close 
physical association between the fibers 
and the crystals of bone mineral lends 
weight to the belief that there is a chem- 
ical interaction between the two phases; 
it has been proposed that the close asso- 
ciation of the organic matrix with the 
crystals serves to preserve an instability 
in crystal structure, responsible for the 
reactivity of the crystals. 

Chemistry. Despite intensive efforts 
over the past century, and despite the 
great advances made in recent years, the 
chemistry, dynamics, and ultrastructure 
of bone mineral remains a fertile field 
for inquiry. 

It is now firmly established, by x-ray 
diffraction and by other methods, that 
the bone salt belongs to the apatite series: 
of minerals, of which the prototype is. 
fluorapatite : 


3Cas(PO;)2- CaF», 


which is abundant in nature. The weight 
of evidence is to the effect that the crys- 
talline material found in bone corre- 
sponds most closely to hydroxyapatite: 


3Cas(PO,)2 Ca(OH): 


although there are differences in inter- 
pretation of the evidence now available. 
While the bone mineral contains con- 
siderable amounts of carbonate and 
citrate, current opinion is to the effect 
that these substances are related to the 


Fig. 2. (Left) Electron micrograph of a section of an undecalcified human rib, illustrat- 
ing the pattern of arrangement of crystals of bone mineral in relation to collagen fibers. 
The underlying collagen is barely visible, but the crystals are easily seen in the regularly 
arranged bands corresponding to the main collagen striation. The longitudinal direction 
of the fibers is horizontal. [From Fig. 1, W. F. Neuman and M. W. Neuman, Chem. Revs. 
53, 4 (1953) (courtesy of R. A. Robinson and M. L. Watson). Reproduced by courtesy 
of Williams and Wilkins Co.] (Right) Course of calcification in bone matrix, showing 
the relation of inorganic crystals to cross banding of collagen fibers. [From Fig. 21, R. A. 
Robinson and M. L. Watson, Ann. N.Y. Acad. Sci. 60, 620 (1955). Reproduced by 


courtesy of the publishers.] 


453 


* 
49 
yund 
ma- 
steon 
iffer- 
pend 
tion. 
gives 
t the 
sified 

3 

4 


Fig. 3. Diagrammatic repre- 
sentation of the crystal-solution 
interface. I, the bulk solution 
(intercellular fluid): II, the 
hydration shell, comprised of 
three layers — loosely held 
water, tightly bound water, 
and the hydrated ion layer 
(III) ; IV, the lattice surface; 
and V, the crystal interior. 
[From Fig. 1, W. F. Neuman 
and M. W. Neuman, Am. J. 
Med. 22, 124 (1957). Repro- 
duced by courtesy of the pub- 
lishers.] 
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surfaces of the crystals of hydroxyapatite 
and that they are not part of the lattice 
structure. The small amounts of such 
ions as Na*, K+, Mg++, Cl-, and found 
in the mineral are regarded as impuri- 
ties, resulting from the formation of the 
mineral from the body fluids, from 
which these ions are deposited during 
the process of crystallization. More diffi- 
cult to account for is the fact that the 
molar ratio Ca/P, theoretically 1.66, 
varies from 1.3 to 2.0 in a series of solid 
calcium phosphates which give the char- 
acteristic apatite lattice pattern on x-ray 
diffraction. This variation is now attrib- 
uted to the extremely small size of the 
crystals and to the correspondingly large 
influence of the contributions of their 
surface ions to the analyses of the total 
mineral. 

The school of Dallemagne still holds 
‘tenaciously to the view that the bone 
mineral is essentially hydrated calcium 
triphosphate, which Dallemagne terms 
alpha tricalcium phosphate, and to 
which he assigns the formula 


3Cas(PO:)2 


In support of this thesis Dallemagne 
now brings forth data obtained from 
observation of ion-exchange reactions, 
which he interprets to indicate (i) that 
the mineral of living bone is in an un- 
stable form; (ii)-that it is kept in this 
unstable form by its close association 
with the organic matrix; (iii) that the 
characteristics responsible for its insta- 
bility are also responsible for its reac- 
tivity in the living organism; and (iv) 
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that on removal from the bone, except 
under very special precautions, it is 
transformed into the stable hydroxyapa- 


tite, which then is identical with prepa- 


rations of this mineral prepared syn- 
thetically. 

Crystal complex. An understanding of 
the phenomena of ion transfer or ion 
exchange between the crystals of bone 
mineral and the circulating fluids of the 
body requires as accurate information 
as possible concerning the ultrastructure 
of the reactive crystals and of their sur- 
roundings. The descriptions here used 
are derived from those of Neuman and 
Neuman. It is convenient to regard the 
unit of the mineral of bone, at the ultra- 
structural level, as a crystal complex, 
each such complex being based upon a 
microcrystal of colloidal dimensions, 
only a few hundred angstroms in length 
and with a thickness of only 20 to 50 
angstroms. Owing to their minute size, 
these crystals have an enormous surface 
per unit*of mass—of the order of 200 to 
300 square meters per gram. Each ion 
held on the surface of the crystal is. sur- 
rounded by oppositely charged ions on 
one side only; the effect is a residual 
charge or valency on the crystal surface. 
Because of their small size, these crys- 
tals can attain greater stability almost 
exclusively by chemisorption; this leads 
to a highly variable surface composition. 
It results also in increased reactivity of 
the crystal complex. Around the crystal 
and partly bound to its surface there are 
also a layer of hydrated ions and a shell 
of water which may exceed the dimen- 
sions of the crystal itself. Synthetic apa- 


tite crystals, for example, may bind 0.8 
gram of water per gram of crystals; be- 
cause of the difference in density, this 
represents a volume of water greater 
than that of the crystal. 

Each crystal complex, therefore, where 
adequate hydration is possible, may be 
viewed as a series of layers, as illustrated 
in Fig. 3. Any ion from the surrounding 
fluids can diffuse into the outer layers of 
the hydration shell. At the crystal sur- 
face there is a bound layer of hydrated 
calcium, phosphate, and hydroxyl ions, 
constantly interchanging with similar 
ions in the surface layers of the lattice, 
Owing to vacant lattice positions there 
is also a constant though much slower 
ion interchange within the crystal itself. 
Of the ions in the fluids of the body, 
some can penetrate the hydration shell 
only (K+ and Cl-), some can penetrate 
the surface-bound ion layer of the lat- 


tice surface by displacing calcium, phos- 


phate, or hydroxyl ions (Nat, UO,*, 
CO,-- and citrate?) and some can 
pentrate still further—that is, into the 
crystal interior (Ca*+, Sr++, Rat+, PO,%, 
F-). All of the possible ion transfers and 
movements may be assumed to be of 
constant occurrence wherever the fluids 
of the body are in close contact with the 
crystal complex of reactive mineral. 

In contrast, as the crystals age, and as 
they increase in numbers, they gradually 
displace the water essential to their re- 
activity, until eventually there remains a 
solid, inert, almost unhydrated mass of 
crystals and fibers, incapable of more 
than a very slight degree of ion exchange 
or transfer with the fluids of the body. 
Such stable bone tissue makes up more 
than 99 percent of the mass of com- 
pact bone, and it can be made avail- 
able to the organism as a whole only 
by cellular action, resulting in resorp- 
tion. This conversion of reactive to non- 
reactive bone, which is a necessary con- 
comitant of mineralization of the or- 
ganic matrix, would eventually lead to 
a skeleton composed entirely of stable 
mineral—a condition incompatible with 
the life of the organism—were it not for 
the constant haversian remodeling of 
compact bone that continues throughout 
the life of the individual. In this respect 
the state of the mineral of bone differs 
sharply from that of most mineral de- 
posits in nature; a condition of insta- 
bility is a sine qua non of life; stability 
of the bone mineral, as well as of other 
components of the body, is a state that 
can be attained only after the death of 
the organism. 

Dynamic aspects. A kinetic approach 
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to the interchange of ions, more espe- 
cially of calcium and phosphate, be- 
tween blood and bone, has been made 
possible in recent years by the introduc- 
tion of radioisotopes. Not until the first 
papers appeared from Hevesy and his 
group in 1935, describing the behavior 
of radioactive phosphorus, phosphorus- 
32, administered to animals as inorganic 
phosphate, was it possible to appreciate 
the magnitude of the rate of turnover 
of skeletal phosphorus. Owing to the 
more limited availability of calcium-45, 
demonstration of its uptake by the skele- 
ton was delayed until 1940, and in fact 
it was not until after 1948 that calcium- 
45 could be used in biological work in 
quantities adequate for the elucidation 
of the many problems relating to cal- 
cium metabolism. Still more recently a 
beginning has been made in Sweden 
with calcium-47, which is as yet not in 
general use; because of its short half-life 
and high-energy gamma radiation, it can 


be traced by external counting methods,. 


and used safely in man. Strontium-85, 
with much the same properties, is avail- 
able and has been used more extensively, 
but since the body discriminates between 
calcium and strontium the latter is not 
an entirely reliable indicator of the be- 
havior of calcium. 

The use of radioisotopes has not yct 
progressed to the level of ultrastructure. 
Calcium-45 and phosphorus-32 have 
been used for evaluation of over-all ac- 
cretion, resorption, and exchange reac- 
tions in the skeleton and they have 
made possible quantitative estimates of 
the relative magnitudes of these proc- 
esses, thereby throwing light on their 
physiologic significance. With the use of 
strontium-85, the application of external 
counting methods, and the employment 
of an electronic analog computer, the 
principles of the studies made in ani- 
mals have been extended to man. Ex- 
ponential analysis of the data obtained 
has made it possible to study rates of 
movement of the isotope between four 
compartments (serum, extracellular 
fluid, intracellular fluid, and bone). 
Similar studies, with improved equip- 
ment and using calcium-47, are now 
under way and are opening a wide field 
for further investigation. 


Homeostatic Control of Calcium Ioa 
Concentration in the Blood 


The maintenance of an approximately 
con tent concentration of the physiolog- 
ically active form of calcium, the cal- 
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cium ion, in the circulating fluids of the 
body is essential to life. Among other 
physiologic activities, the calcium ion, 
in an appropriate concentration, is es- 
sential to the heart beat, to the coagu- 
lation of blood, and to the proper func- 
tioning of nerve tissue. 

It has been known for some years that 
the pirathyroid glands, four tiny bodies 
embedded in the posterior surface of the 
thyroid gland, play a decisive role in the 
regulation of the calcium ion concentra- 
tion in the blood plasma. Only within 
recent years, however, have the details 
of this mechanism begun to be fully 
understood, and certain aspects of it are 
still under intensive study. These glands 
and their functions may be regarded as 
analogous to the thermostatic control of 
the temperature of a house. Thus the 
parathyroid glands are sensitive to the 
concentration of calcium ions in the 
blood; a deficiency in calcium ions leads 
to increased activity of the glands, while 
an. excess leads to decreased activity 


(Fig. 4). In recent years such self-regu- 
l.ting processes have acquired the name 
“feedback.” The condition that is being 
regulated is itself the stimulus activating 
the regulatory mechanism; information 
about the output is fed back to an 
earlier stage of the process so as to in- 
fluence its action and thereby control 
the output. Feedback is being increas- 
ingly made use of in industrial proc- 
esses; the living organism is dependent 
upon a multitude of such built-in feed- 
back mechanisms. 

Once it was established, only a gen- 
eration or so ago, that the parathyroid 
glands regulate the release. of calcium 
from the bones into the blood, it was 
commonly believed that this relatively 
slow-acting process was adequate to 
maintain a physiologic level of calcium 
ions in the blood plasma. This belief was 
strengthened by the fact that removal of 
the parathyroid glands leads to a lower 
concentration of calcium ions in the 
p!asma, while hyperparathyroidism, or 
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Fig. 4. Diagram illustrating the mechanism of exchange of calcium between blood plasma 
and bones. Rapidly acting equilibrium with the labile fraction of bone mineral is inde- 
pendent of the parathyroid glands and is adequate to maintain the plasma calcium level 
at approximately 7 milligrams per 100 cubic centimeters. Parathyroid activity is under 
control of feedback from Ca** concen‘ration in the plasma and regulates the slower re- 
lease of calcium from stable hydroxyapatite crystals of bone mineral. The parathyroid 
glands monitor the calcium concentration of the plasma and maintain it at approximately 
10 milligrams per 100 cubic centimeters. [From Fig. 14, F. C. McLean and M. R. Urist, 
Bone (Univ. of Chicago Press, Chicago, Ill., 1955), p. 77. Reproduced by courtes, of 


the publishers. ] 
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administration of the parathyroid hor- 
mone, leads to a higher concentration 
of calcium ions. Introduction of tracer 
methods, however, and increasing under- 
standing of the internal structure of 
bone have made it clear that the para- 
thyroid mechanism, while responsible 
for hour-to-hour or day-to-day adjust- 
ments, is not alone adequate for the 
minute-to-minute interplay between 
blood and bone. Especially revealing in 
this respect is the demonstration that, 
in young animals, the turnover of the 
blood calcium may amount to as much 
as 100 percent per minute, which is to 
say that the equivalent of the total 
amount of calcium in the blood may be 
replaced every minute. 

In order to account for this rapid 
turnover, it is necessary to postulate a 
“dual mechanism” for homeostatic con- 
trol. One part, which acts rapidly, re- 
quires ion transfer or ion exchange be- 
tween blood and bone and is independ- 
ent of the function of the parathyroid 
glands, being able in the absence of 
these glands to maintain the plasma 
level of calcium at approximately 7 
milligrams per 100 cubic centimeters. 
At present there are two views about 
how this operates. One view is that the 
bone acts as an ion-exchange column, 
taking up calcium ions from the blood 
and returning others, by passive physico- 
chemical mechanisms. By this view the 
labile or reactive bone mineral, or that 
in the newly formed and partially min- 
eralized osteons, is in equilibrium with 
the ions in the fluids in contact with 
them. If the equilibrium is disturbed, by 
removal of calcium ions from the blood, 
additional calcium ions are transferred 
from the labile stores until the physio- 
logic level has again been reached; if 
calcium is added to the blood, the ex- 
cess is promptly transferred to the labile 
stores. 

Another view is that this transfer 
mechanism may itself involve interven- 
tion by cell activity, at least in the di- 
rection of bone to blood. It has been 
demonstrated that both the parathyroid 
hormone and vitamin D, which appear 
to have a synergistic action in this re- 
spect, control the concentration of citric 
acid in the bones, presumably by influ- 
encing its formation by the cells of bone. 
It is then contended that the citric acid 


acts to carry calcium into the blood 
stream, by forming soluble calcium- 
citrate complexes, and that following 
this the citrate ion is metabolized in soft 
tissues, thus leaving the calcium in the 
blood. It is possible that both passive 
ion transfer and a mechanism depending 
upon citric acid formation, under the 
control of the parathyroid hormone and 
of vitamin D, operate to influence the 
rapid exchange of calcium between 
blood and bone. In any case, the trans- 
fer of ions that takes place over periods 
of seconds or minutes now seems to be 
definitely localized in the accessible, 
labile, and reactive bone in the new and 
incompletely mineralized osteons. 

The possible role of the parathyroid 
glands in mediating this rapid transfer 
of mineral from bone to blood, by con- 
trol of the production of citrate, cannot 
now be regarded as fully established. 
The function of the parathyroid glands 
with respect to the dual mechanism is, 
however, better understood, at least in 
its outward manifestations. Normally 
functioning parathyroid glands. are es- 
sential to the maintenance of the plasma 
calcium at the physiologic level of ap- 
proximately 10 milligrams per 100 cu- 
bic centimeters, When the parathyroid 
glands are removed, the plasma calcium 
falls to approximately 7 milligrams per 
100 cubic centimeters, where it is stabil- 
ized by ion transfer; when there is hy- 
perfunction of the parathyroid glands, 
the level may rise to 15 milligrams per 
100 cubic centimeters, or even higher, 
and be maintained at abnormally high 
concentrations by the hyperactivity of 
the parathyroids. 

There is abundant evidence that these 
glands exert their control over the level 
of calcium in the blood by influencing 
the solution of bone by osteoclastic re- 
sorption, and that this process has access 
to the stable, fully mineralized bone, or 
to the bulk of the bone not accessible 
to the rapidly acting transfer mechanism. 
Osteoclasts are giant cells, with many 
nuclei, often as many as 15 or 20. They 
are located mainly on the inner sur- 
faces of bone—that is, on the surfaces in 
contact with the bone marrow. While it 
has not been proved that these cells 
erode bone, their constant occurrence in 
areas where resorption is taking place, 
together with the associated histologic 


picture, “suggest that their presence is 
more than incidental.” Administration 
of parathyroid extract to animals leads 
to greatly accelerated resorption of bone, 
usually associated with large numbers of 
osteoclasts; parathyroid control of re- 
sorption is well established, even though 
osteoclastic participation is still conjec- 
tural. 

To fit these pieces together, we may 
visualize the two parts of the dual 
mechanism, as illustrated in Fig. 4, as 
follows. (i) The parathyroid glands are 
responsible for monitoring the calcium 
ion concentration in the blood plasma. 
They respond, rather slowly, to changes 
in the calcium ion concentration in the 
internal environment, and by regulating 
the dissolution of stable bone mineral 
they serve to maintain a relatively con- 
stant level of calcium ions in the blood, 
(ii) What we may call the fine adjust- 


ment of the calcium ion concentration in 


the blood—that is, the minute-to-minute 
control—is effected by rapid transfers, 
in both directions, between the blood 
and the labile fraction of the bone min- 
eral. Whether this is a purely passive 
chemical affair, by diffusion equilibrium, 
or whether it also is mediated by the 
parathyroid hormone (as well as by 
vitamin D) remains uncertain, What- 
ever may be the intimate details of this 
part of the mechanism, and however it 
may be related to the ultrastructure of 
bone, it is essential to the continued life 
and health of the organism, which with- 
out it would be subject to violent fluc- 
tuations in the levels of calcium ion con- 
centration in the internal environment. 
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Foreign Aid and 
Agricultural Science 


For some reason, certain Filipino lead- 
ers have recently taken a critical view 
of the American aid program in the 
Philippines. So far as I can gather, the 
principal bases for the criticism are: 
(i) the total amount spent in dollars 
is disproportionately small in relation to 
the counterpart peso funds (two pesos 
equal one dollar); (ii) much of the peso 


expenditure is used for the benefit of: 


American experts; (iii) in not a few 
cases, these so-called experts are not 
really experts at all, but people with 
relatively little training and experience; 
and (iv) the program apparently aims 
to shackle the Philippines to an agricul- 
tural economy, as is shown by its over- 
emphasis on agriculture, at the expense 
of industry. 

It should be pointed out that the 
United States Congress on its part has 
also been showing uneasiness toward the 
foreign aid program because of the ad- 
verse criticisms voiced by, and the heavy 
burden the program imposes on, the 
American taxpayer. 

Without attempting to refute the argu- 
ments advanced, I wish to relate our 
experience in the operation of what is 
presently known as the ICA-NEC (In- 
ternational Cooperation Administration— 
National Economic Council) program in 
the College of Agriculture of the Uni- 
versity of the Philippines at Los Bajfios. 
The International Cooperation Admin- 
istration is the United States agency 
which carries out programs of economic 
development and technical cooperation 
in many of the less-developed nations of 
the world. The National Economic 
Council is the national economic plan- 
ning and coordinating center for the 
Philippine Government. 


War Destroys College 


World War II left the College of Agri- 
culture and its Central Experiment Sta- 
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tion in shambles. Most of the buildings 
were in ruins and nearly all the animals, 
seeds, tools, equipment, laboratory ap- 
paratus, and library were either de- 
stroyed or looted. Although brave at- 
tempts were made to reopen the college 
to students in June 1945, while the rest 
of the university was still closed, almost 
no facilities were extant, and emergency 
shelter for faculty and students had to 
be found temporarily in old poultry lay- 
ing houses. Indeed, about the only asset 
of the college that was left was the ex- 
perienced faculty that, happily, escaped 
general massacre on the campus by the 
retreating enemy. 

Prospects for ever rebuilding the col- 
lege looked bleak. We had but a dim 
hope of restoring it to the status it had 
attained at the outbreak of the war, 
when, in 32 years, it had grown in 
prestige to be one of the world’s lead- 
ing tropical agricultural institutions. 
The war damage awards to the Univer- 
sity of the Philippines, which came a 
couple of years later, at first gave us 
some reassurance. However, this new 
source of relief was to prove quite elu- 
sive, for out of the 10 million pesos 
granted to the university, we were given 
only P.400,000. 

When what is now the ICA-NEC pro- 
gram began to operate in 1952, things 
began to happen in the College of Agri- 
culture. We became the happy recipiert 
of generous grants, thanks largely to the 
previous flattering recommendations of 
the American Agricultural Mission and 
of the Bell Mission. These two missions 
were sent by the United States Govern- 
ment to the Philippines after World War 
II to study the needs of the country and 
to make recommendations to meet those 
needs. An important feature of the pro- 
gram was the contract for technical as- 
sistance signed between the University 
of the Philippines College of Agricul- 
ture at Los Bafios and Cornell Univer- 
sity. 


Technical Assistance Teams 


As a result of this contract, which will 
continue until 1960, a succession of teams 
of not more than ten American profes- 
sors (later increased to 14) have been 
assigned to the college, each to be in 
residence here for not less than one year. 
In practice, some visiting professors 
found the work so interesting and chal- 
lenging that they stayed about two years, 
Thus, during the past five years, we had 
the privilege of having on our faculty, 
in succession, 34 American professors. 
Many of them were top-ranking in 
their lines of specialization. Of the 13 
in residence during the past year, three 
were department heads and one, an as- 
sociate dean. Three professors are mainly 
supported by grants from the Council 
on Economic and Cultural Affairs, which 
has its headquarters in New York City. 

Dean W. I. Myers and his colleagues 
at Cornell University have been so justi- 
fiably proud of their part in the Los 
Bafios program that they have always 
taken great care to select only high- 
grade men for assignment here. They 
have drawn heavily on the Cornell fac- 
ulty, even at some sacrifice to that in- 
stitution. Some of these visiting profes- 
sors were borrowed from other Ameri- 
can universities. As an added precaution, 
the record of each candidate for assign- 
ment is first sent to Los Bafos for scru- 
tiny and approval. 

The salaries of the visiting professors 
are paid, in dollars, from the Interna- 
tional Cooperation Administration head- 
quarters in Washington. Because these 
are ranking men on their respective fac- 
ulties, the annual bill settled by Wash- 
ington in salaries alone is considerable. 
The International Cooperation Admin- 
istration, Washington, also pays the 
transportation and living and other al- 
lowances for our College of Agriculture 
faculty members who are sent abroad 
for advanced training. Every year about 
ten Filipino faculty members could avail 
themselves of this privilege, and to date 
54 have been sent. Most obtained ad- 
vanced degrees and have become valu- 
able permanent assets to the college 
faculty. 

Against these Washington expendi- 
tures, which total about a million pesos 
a year, our counterpart in the college 
for the support of the Cornell contract 
is only about P.200,000 a year, to meet 
transportation costs, living expenses, 


The author is dean of the College of Agriculture, 
University of the Philippines, Los Banos. 
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Fig. 1. Through these gates of the University of the Philippines College of Agriculture, 
at Los Bafios, pass 3000 students who are unbelievably eager for a college education. In 


addition, the college serves as a training center for students from other Southeast Asian 


countries. 


utility allowance, cost-of-living expenses, 
and per diems of the visiting professors 
and their families. The per diems for 
members of the family are paid only in 
connection with actual travel between 
the college and their respective resi- 
dences in the United States. Of course, 
much larger peso allocations than this 
have been made to the college under the 
ICA-NEC program, but not a centavo 
of these additional sums has been spent 
for the visiting American professors. 
They have been used for improving the 
facilities; for hiring additional Filipino 
faculty members, research assistants, and 
technicians; for constructing more labo- 
ratory and classroom buildings and resi- 
dences; for acquiring laboratory and 
farm equipment, and for purchasing 
livestock, increasing library facilities, and 
introducing numerous other improve- 
ments. 


Close Working Relationships 


As a result of this aid, in physical 
and faculty assets the college is at pres- 
ent very much better off in many re- 
spects than ever before in its 48 years 
of life. 

The American faculty members do 
not function separately as an American 
group; they are members of the college 
departments to which they are assigned. 
The working relationship has certainly 
never been that of the American scien- 
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tist and his native assistant, as was un- 
fortunately the humiliating experience 
in this country even after World War I, 
which had allegedly been waged to “save 
the world for Democracy.” American 
and Filipino have now happily worked 
as colleagues in Los Bafios, where one is 
not the teacher and the other the peren- 
nial pupil; they have collaborated 
closely, studied together, and learned 
from each other. Even the members of 
their families have considered them- 
selves a part of the local community, 
and their children have studied and gen- 


Fig. 2. The author (right) 
discusses the building of a 
new International House on 
the College of Agriculture 
campus with John D. Rocke- 
feller III. The Rockefeller 
Foundation has made a grant 
of $250,000 (P.500,000) for 
this purpose. 


uinely enjoyed their experience in the 
same schools with the Filipino children, 
with whom they have developed lasting 
friendship and mutual respect. 


Large Student Enrollment 


Mainly as a result of the partnership 
between Cornell and Los Baiios, the past 
five years have seen phenomenal growth 
in the College of Agriculture. From an 
average of 500 students, enrollment rose 
rapidly until it spiralled to over 4000 in 
1955. Subsequently, limitations on new 
admissions had to be imposed by the 
faculty in an effort to safeguard stand- 
ards. At present, the student body is held’ 
down to about 3000 (Fig. 1). Even this 
is somewhat too many for the capacity 
of the faculty, of only about 200, and of 


the facilities, but this number is deemed | 


necessary to produce an estimated 300 
graduates a year and to meet the grow- 
ing requirements of the country in agri- 
cultural services. 

The.-college-is again steadily attract- 
ing students from neighboring countries, 
as it did before the war, and Washing- 
ton and private American foundations 
have come to regard the college as a 
training center in agriculture for South- 
east Asia. At present, we have 53 stu- 
dents from four foreign countries. 

Likewise, various important govern- 
ment units and private concerns that 
deal with agricultural development and 
promotion have sent their men to the 
college for in-service training. The prin- 
cipal training center of the Community 
Development Program, under the Office 
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of the President of the Philippines, is 
located on the college campus, where 
the faculty is actively cooperating. 

Generous allocations by the Council 
on Economic and Cultural Affairs and 
the Rockefeller Foundation have been 
earmarked for the support of East Asian 
students in the college and for the fol- 
lowing additional purposes: to engage 
certain highly qualified American pro- 
fessors; to upgrade library, classroom, 
and laboratory facilities; to help some 
deserving young faculty members to 
take up graduate studies in the United 
States; and to enable a limited number 
to make study tours abroad or attend 
international conferences. Recently, the 
Rockefeller Foundation. likewise made a 
sizable grant of half a million pesos to 
establish and maintain an International 
House on the campus (Fig. 2). Local 
government and private entities have 
also made grants, largely. for research 
and graduate scholarships. 


Research Program Fostered 


Research has always been given due 
emphasis by the faculty of the college, 
from the beginning of its life, because 
of the strong feeling that no one can be 
an effective teacher who is not at the 
same time an active researcher. Other- 
wise, the subject matter he imparts 
could grow stale and flat as he merely 
parrots borrowed ideas which are not 
constantly freshened and enlivened by 
first-hand contact with natural proc- 
esses. Also, the faculty has been con- 
scious of the fact that the Philippines is 
not a rich country because agriculture, 
on which its economy is based, has re- 
mained quite weak. 

As has been the experience in‘ other 
lands, it has been found that high agri- 
cultural productivity cannot be attained 
unless a sustained research program is 
fostered to solve numerous problems 
which serve to depress farm income. Of 
paramount importance is the fact that 
research enthusiasm is contagious, and 
the teacher-researcher quickly imbues 
his students with the desire to find out 
things for themselves and to develop the 
creative spirit of a scholarly mind. 

Unfortunately, research funds, in the 
past, were perennially short. In 1918, 
the Legislature voted and made avail- 
able the sum of P.125,000 for establish- 
ment of the Central Experiment Station 
in the College of Agriculture. The funds 
went into the purchase of additional 
lands, which enlarged the college area 
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from the originally very inadequate 70 
hectares to a much more capacious 400 
hectares. A more adequate stock of farm 
animals was acquired, and farm imple- 
ments were purchased. 

Sad to relate, the Experiment Station 
was to be quickly forgotten, and no con- 
tinuing support was to be forthcoming. 
Hence, whatever research could be done 
was carried out through the meager sums 
that had been squeezed out of the slim 
funds intended primarily for educational 
purposes. Creative scholarship was main- 
tained largely on the spare time or over- 
time of the faculty and of the more 
advanced students. 

These conditions’ should have dis- 
heartened any but the most. determined; 
they are related here not to offer an ex- 
cuse for limited accomplishment. When 


one looks back, the wonder indeed is. 


that the faculty and students could make 
any contribution at all. Despite tremen- 
dous odds, the annual research output 
of the college rose progressively, and 
much of the basic foundation for mod- 
ern agriculture in the Philippines was 
laid down through these earlier efforts. 

The operation of the ICA-NEC pro- 
gram and the contract between Cornell 
and Los Bafios brought two tremendous 
forces into play to accelerate research in 
the college: (i) the sustained avail- 
ability of ample funds for research, 
which permitted acquisition of needed 
facilities and adequate technical man- 


power, and (ii) the healthy intellectual 
cross-fertilization between two groups of 
people, American and Filipino. We cer- 
tainly congratulate ourselves on the fact 
that Cornell could take over the con- 
tract with Los Bafios, because it has 
afforded us close association with a great 
American agricultural institution, with 
its over-a-century head start over the 
Philippines in experiment-station work 
and with its American organizational 
know-how. 


Research Benefits Farmers 


As a result of these first years of col- 
laboration, great strides have been made 
in agricultural research. The Filipino 
farmer is already beginning to reap the 
benefit of superior, higher-yielding va- 
rieties of rice of good eating quality, the 
foundation stock of which has been the 
result of the patient and persistent work 
of our plant breeders (Fig. 3). Five 
strains of double-hybrid corn, the first 
of their kind in the eastern tropics, have 
been outyielding the ordinary kinds, and 
in not a few cases the harvest reaches as 
much as 90 cavans per hectare (1 cavan 
equals 2.2 bushels). 

Experiments have indicated that we 
overwater lowland rice fields, because it 
was found that 2.5 centimeters, or half 
or even a fourth as much as is now com- 
monly used, accomplished the same re- 


Fig. 3. New rice varieties are “born.” Plant-breeding specialists at the college continually 
work to develop high-yielding varieties that do not fall over and become lodged or twisted 
together—a major problem in the Philippines. Such characteristics reduce yields and 
make harvesting difficult. D. L. Umali, head of the Division of Plant Breeding (left) 
and H. L. Everett, visiting professor from Cornell, inspect some of these new varieties. 
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sults (Fig. 4). Hence, a more rational 
management could make possible the 
expansion of irrigated areas two- to four- 
fold. 

Effective insecticide treatment against 
the destructive rice borer and the rice 
bug has been found. 

Eleven arabica coffee plants have 
beén isolated as rust-resistant strains; 
these may well prove to be the begin- 
ning of the rehabilitation of this impor- 
tant money crop, which had been wiped 
out in Batangas in the 19th century by 
the rust. To accelerate distribution of 
rust-resistant arabica stock to farmers, 
further large-scale importation of these 
proven rust-resistant seeds was again 
made from India. With the cooperation 
of the Bureau of Plant Industry, these 


Fig. 4. Sets of tanks are 
used in experiments at the 
college’s Experiment Sta- 
tion to find out how much 
water is needed by growing 
rice plants. The findings 
being recorded here by A. 
B. Catambay, head of the 
Department of Agricultural 
Engineering (left), and 
Harold E. Gray, visiting 
professor from Cornell, 
have been used to plot the 
most profitable and_ eco- 
nomical use of water on 
farms. 


seeds are being planted in different sta- 
tions in various’ parts of the country. 
The seedlings are sprayed with rust sus- 
pension to eliminate the small percent- 
age of rust-susceptible plants. The sur- 
vivors will then be distributed. 
Artificial insemination to improve 
local livestock more effectively, speedily, 
and economically has been proved to be 
practical in this country. At present a 
central bull stud is being built on the 
campus, with the cooperation of the 
Bureau of Animal Industry, to serve 
livestock farmers in every province. 
Research on soil and fertilizer needs 
of crops (Fig. 5), study of sociological 
and economic problems of the farm, 
utilization of agricultural products and 
by-products, and very many other proj- 


Fig. 5. One way to take research results to the farm is to conduct tests on a local farm 


for all to see. Here a college soil technician (left) is working with a farmer to find why 
leaves of the coconut tree turn yellow and why the tree stops bearing. With the use of 
different fertilizers, researchers could see improvements in the trees within three months, 


but the answers were still incomplete. Within three to five years they hope to have definite 
results, so that they can make recommendations to farmers. 
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ects have been undertaken. Attention to 
these different items is aimed at increas- 
ing production and putting more pesos 
in the farmers’ pockets. 


Agencies and College Cooperate 


One important aspect of our research 
program is that, for the first time in this 
country, there has come about a close 
and active cooperation between the col- 
lege and the Department of Agriculture 
and Natural Resources, which is con- 
cerned with all phases of the agricul- 
tural programs of the Philippines. The 
result has been the further strengthen- 
ing of the agricultural research program 
in this country, where, rather than being 
competitive, these entities now pool 
their resources. 

Under this arrangement, the main re- 
sponsibility of the college is basic re- 
search, while the corresponding bureaus 
of the Department of Agriculture and 
Natural Resources attend largely to de- 
velopment and extension. Because of 
varied conditions in different sections of 
the country, field stations of the depart- 
ment’s bureaus have become available 
to college researchers for cooperative 
regional tests. For that matter, certain 
agricultural schools also participate as 
cooperators, to make it possible to cover 
many of the different climatic and soil 
conditions in the country. Hence, if a 
superior variety of rice or hybrid corn 
is recommended for any particular lo- 
cality, the recommendation carries the 
assurance that it will be backed by a rea- 
sonably adequate study right in that 
vicinity. 

Hand in hand with cooperation in re- 
search, cooperation with the Bureau of 
Agricultural Extension has been con- 
sidered paramount. Taking useful infor- 
mation to rural people is the principal 
responsibility of this bureau in the De- 
partment of Agriculture and Natural 
Resources. Research is not of much 
value if it ends in the laboratory or ex- 
perimental field. The results should 
reach farmers as quickly as possible so 
they can be put to use. In this difficult 
task, we have been leaning heavily on 
extension personnel. 


Strengthen Agriculture First 


Has too much emphasis been placed 
in this country on agricultural develop- 
ment at the expense of the industrial? 
The fact is obvious that a healthy econ- 
omy demands that our agricultural pro- 
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gram be balanced with a certain degree 
of industrialization. Industrial research 
must, therefore, be properly attended to. 
Unfortunately, the tendency in too many 
countries, including those in our part of 
Asia, such as Thailand, Pakistan, India, 
Formosa, and even our Philippines, has 
been to launch a disproportionately am- 
bitious program of industrialization and 
shove agriculture into the back seat. A 
swing to this extreme may well spell dis- 
aster, as was unfortunately the sad ex- 
perience in Argentina, in Peron’s time, 
when the economy of the country was 
nearly ruined through overindustrializa- 
tion. 

Before we can industrialize to any 


considerable extent, agriculture, which 
is the basis of our economy, must first be 
strengthened. Vigorous, sustained, and 
adequately supported research is neces- 
sary to solve the many important prob- 
lems that still remain to be studied to 
make our farms give more bountiful 
yield. For a good many crops, superior 
seeds that could produce fourfold or 
more still await development. Better 
farm management has to be worked out 
to make operation more economical and 
more efficient; needs for fertilizer have 
to be more precisely determined; numer- 
ous pests, diseases, and weeds that exact 
a heavy toll on the harvest cry for more 
effective control. 


News of Science 


IGY Oceanography 


The deep currents in the South At- 
lantic Ocean, the ocean bottom, and the 
influence of a large river system on ocean 
bottom deposits will be investigated dur- 
ing the next 8 months by the research 
vessel Atlantis, which left the Woods 
Hole Oceanographic Institution _ last 
month on a cruise in the South Atlantic 
and Indian Oceans for the International 
Geophysical Year. Under the leadership 
of oceanographer Arthur R. Miller, the 
seven-man scientific party will make ob- 
servations in the Brazil Current to fill in 
data obtained last year. 

From a distance of about 1000 miles 
offshore from Buenos Aires, the Atlantis 
then will sail in the direction of the Rio 
de la Plata, obtaining long and short 
cores of ocean-bottom sediments for 
chemical analyses to determine the in- 
fluence of a large estuary on ocean-bot- 
tom deposits. Bottom photographs will 
also be made. Upon arrival in Buenos 
Aires, Richard G. Leahy will leave the 
ship and transfer to an Argentine vessel 
to obtain sediment samples in the Rio de 
la Plata. He will travel upstream until 
Sea water is no longer encountered. 

The major task in the South Atlantic 
will be the making of observations of 
temperature, salinity, and dissolved oxy- 
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gen from the surface down to the ocean 
bottom along latitude 32° S. Such obser- 
vations will be made by stopping the ship 
every 80 miles, each “station” ‘taking 
from four to five hours. In between sta- 
tions the sea temperature will be meas- 
ured hourly to a depth of 906 feet while 
the ship is underway with the aid of a 
bathythermograph. 

The section between Buenos Aires and 
Cape Town will be the southernmost one 
to be finished in the British-U.S. IGY 
Atlantic Ocean program. Eight of the 
eleven east-west crossings have been 
made during the past year by the small 
(125-foot) research vessel Crawford of 
the Woods Hole Oceanographic Institu- 
tion and the R. R. S. Discovery II of the 
(British) National Institute of Oceanog- 
raphy. By the end of 1958 the Atlantic 
Qcean water masses from Nova Scotia to 
Argentina on the west, and from Ireland 
to the Cape of Good Hope on the east, 
will have been examined. For the first 
time in history it will then be possible to 
provide a complete description of the 
three-dimensional distribution of the 
physical and chemical properties of the 
whole Atlantic Ocean. In the past satis- 
factory data existed only in rather lim- 
ited areas, with the exception. of the 
South Atlantic, where the German vessel 
Meteor made a survey in 1926-27. 


As it is row, the average Philippine 
farmer, it is estimated, can raise only 
enough for himself and three other per- 
sons. Compare him, for instance, with 
the American farmer, who, after feed- 
ing himself, has enough left over for 20 
other persons. As we raise the efficiency 
of our agricultural worker, more man- 
power could then be released to indus- 
tries without harmfully affecting the 
farm, and the average per capita income 
would have sufficiently improved to take 
care of the market for the industrial 
products. These goals can hardly be at- 
tained if we slacken, rather than ac- 
celerate, the pace and intensity of agri- 
cultural research. 


During this IGY it has become pos- 
sible for the first time to note whether 
any changes have taken place in the 
ocean during a 30-year period. Prelim- 
inary examination of the data acquired 
last year by the Crawford has shown but 
little change in temperatures and salin- 
ities but a significant loss in dissolved 
oxygen in deep water. A similar loss in 
oxygen has been found in the North At- 
lantic, compared with observations made 
nearly 30 years ago by the Atlantis. It is 
believed that neither in arctic nor in 
antarctic water has it been cold enough 
in recent years to form water of sufficient 
density to replace the very cold water 
now present in the deep ocean. In other 
words, the deep ocean water is getting 
“older” and is not being replaced by 
oxygen-rich waters from the surface. 

Plankton tows and other observations. 
Biological observations will be made by 
Langley Wood and Robert Risebrough. 
These will include the making of plank- 
ton tows and chemical determinations of 
nutrients in the sea. Such observations 
will be especially important in the Indian 
Ocean, which rarely has been visited by 
oceanographic vessels. 

Lamont-Woods Hole Indian Ocean 
Expedition. After arrival in Cape Town, 
South Africa, in the latter part of April, 
most of the members of the scientific 
party will fly back to Woods Hole and 
be replaced by a group of geophysicists 
under Joha W. Graham. The latter group 
will take the ship through the Indian 
Ocean and Red Sea, working together 
with the research vessel Vema of the 
Lamont Geological Observatory of Co- 
lumbia University. The two ships will 
make echo-sounding profiles of the ocean 
bottom and, with the aid of explosives, 
determine the thickness of the sediment 
on the ocean bottom and the character 
of the becrock below the ocean floor. 
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Seismic observations made in the At- 
lantic and Pacific Oceans in recent years 
have shown significant differences in the 
rock strata and in the thickness of the 
earth’s crust between continents and 
ocean. Bottom photographs will also be 
made with the aid of a newly developed 
deep-sea camera that was successfully 
used in 1957 to obtain hundreds of ex- 
posures during each of several lowerings. 

The two ships will cruise together over 
the location of a major crack in the 
earth’s crust discovered by Lamont sci- 
entists. The expedition also expects to 
study uncharted submarine mountains. 
Heavy steel dredges can be lowered to 
obtain rock samples from the sides of 
such mountains. 

This is the longest cruise the Atlantis 
has undertaken in her 28-year career. 
The vessel has made 240 cruises, the 
longest having been a 6-month investi- 
gation of the Mediterranean Sea in 1947— 
48. 


Population Growth of 
United States and Canada 


Both the United States and Canada 
scored record population gains in 1957. 
In the United States the increase ex- 
ceeded 3 million for the second year in a 
row, raising the total population, includ- 
ing the Armed Forces overseas, to 172,- 
830,000 at the end of the year. In the 
734 years since the 1950 census, 21.7 mil- 
lion people have been added to the pop- 
ulation, an increase of 1.7 percent an- 
nually. Canada has been experiencing a 
much higher rate of growth, the popula- 
tion having increased by 2.9 percent a 
year since the June 1951 census. At the 
close of 1957, Canada’s population 
reached 16.9 million, an increase of about 
556,000 during the year and of almost 
2.9 million since June 1951. 


Study Abroad 


More than 75,000 international schol- 
arships and fellowships for study in 83 
countries and dependencies are listed in 
the 1957-58 edition of Study Abroad, a 
handbook published by the United Na- 
tions Educational, Scientific and Cul- 
tural Organization. The handbook in- 
cludes such information as eligibility 
requirements, application procedures, 
amount of awards, and length of courses. 
It also lists 250 information centers in 
50 countries which advise foreign stu- 
dents on living conditions, tuition fees, 
and enrollment procedures. 

According to a 1955-56 UNESCO 
survey, reported in Study Abroad, of a 
total of 140,744 persons studying outside 
their countries during that period, 36,494 
came to the United States, more than to 


any other country. France, with 16,877 
foreign students, was second, followed by 
the U.S.S.R. with 12,300. 

Study Abroad ($2.50) is sold by: 
UNESCO Publications Center, 801 
Third Ave., New York 22, N.Y.; U.N. 
Bookshop; and Columbia University 
Press, 2960 Broadway, New York 27, 


Grants, Fellowships, and Awards 


Biology. Applications are invited for 
a new $5000 scholarship in biology that 
has been established by the General Bio- 
logical Supply House, Chicago, Ill. The 
award is open to an American citizen 
who is studying for the doctorate degree 
in botany, zoology, or biology. Applica- 
tions should be submitted before 24 
March. For information, write to the 
chairman of the award committee, Dr. 
Frank A. Brown, Jr., Department of Bio- 
logical Sciences, Northwestern Univer- 
sity, Evanston, Ill. 

Chemistry. The Association of Official 
Agricultural Chemists has announced 
that nominations are now being accepted 
for the second annual Harvey W. Wiley 
Award for achievement in analytical 
methods. This $500 award goes to the 
scientist who has made an outstanding 
contribution to the development of meth- 
ods of analysis for foods, drugs, cos- 
metics, feeds, fertilizers, and pesticides, 
or for use in general analytical chemis- 
try. Nominations must be submitted by 
1 April. Nominees need not be members 
of the association. Further information 
may be obtained from the secretary of 
the association, William Horwitz, Box 
540, Benjamin Franklin Station, Wash- 
ington 4, D.C. 

Mental health. The Adolf Meyer 
awards committee of the Association for 
Improvement of Mental Health, Inc., is 
inviting nominations for the 1958 
awards, which will be announced in May 
during Mental Health Week. These 
awards are given annually to individuals 
and/or organizations who have made 
meritorious contributions to the profes- 
sional care and treatment of the men- 
tally ill, both in and outside of hospitals, 
Nominations for this award should be 
sent before 1 April to Dr. Milton M. 
Berger, Chairman, Advisory Committee, 
A.I.M.H., 50 E. 72nd St., New York 21, 
N.Y. 

Ornithology. The Frank M. Chapman 
Fund of the American Museum of Natu- 
ral History was established to provide 
financial assistance to those conducting 
research in ornithology. The awards are 
usually made to younger scientists, in 
particular to graduate students, but there 
are no hard and fast restrictions. Appli- 
cants should bear in mind that the field 
stations operated by the American Mu- 


seum are frequently available: for or- 
nithological as well as other types of 
scientific work. The Archbold Biological 
Station at Lake Placid, Fla., the South- 
western Biological Station in the Chiri- 
cahua Mountains in southeastern Ari- 
zona, and the Lerner Marine Station at 
Bimini, Bahamas, as well as the collec- 
tions and laboratories of the museum 
itself, should be mentioned in this con- 
nection. Applications should be received 
before 31 March. Each applicant should 
state clearly the nature of the proposed 
research and provide an estimate of the 
financial requirements of the project. 
Letters of recommendation should be in- 
cluded. All correspondence should be 
directed to the Chairman, Chapman 
Memorial Fund Committee, Department 
of Birds, American Museum of Natural 
History, Central Park West at 79th St., 
New York 24, N.Y. 


Human Resources in Science 


“America’s Human Resources to Meet 
the Scientific Challenge” was the theme 
of a national conference at Yale Univer- 
sity 3-4 February sponsored jointly by the 
President’s Committee on Scientists and 
Engineers and the William Benton Foun- 
dation. The conference brought together 
100 representatives of American science, 
education, industry, labor, government, 
religious and minority groups, and the 
nation’s public communications media. 
The conferees considered the competitive 
position of the United States in world 
science and technology. 

Principal speakers were Allen W. 
Dulles, director of the Central Intelli- 
gence Agency, who described “The So- 
viet Challenge”; James R. Killian, Jr., 
special assistant to the President for 
science and technology, who discussed 
steps needed “Toward a New Level of 
Excellence”; and Alan T. Waterman, di- 
rector of the National Science Founda- 
tion and Lee A. DuBridge, president of 
California Institute of Technology. 


Insecticide Threat 


The National Audubon Society has 
urgently recommended that the Depart- 
ment of Agriculture stop all insect control 
programs in which highly toxic chemicals 
are broadcast unless incontrovertible evi- 
dence becomes available that no serious 
damage to human and wildlife resources 
will result. The-society has requested the 
Secretary of Agriculture to stop the pro- 
posed control program for the imported 
fire ant on some 20 million acres in nine 
southern states. The program is already 


_ underway. At the same time, the society 


warned the general public that all use of 
highly toxic modern insecticides, fungi- 


SCIENCE, VOL. 127 


poe 
| 
t 
t 
iT 
4 
c 
a 
E 
s 
B 
re 
of 
01 
vl 
R 
di 
th 
in 
er 
be 
th 
vi 
re 
er 
en 
th 
als 
28 
462 


has 
art- 
trol 
cals 
evi- 
ious 
rces 
the 
pro- 
rted 
nine 
se of 
ingi- 
127 


cides, and so-called pesticides by govern- 
mental agencies, farmers, and other land 
owners, including gardeners, carries with 
it a much higher potential of harm to 
human beings and wildlife than is gen- 
erally recognized. 


Mental Health Panel 


A six-member panel of non-Govern- 
ment experts will provide consultation to 
the National Institute of Mental Health 
on the mental health research program 
conducted in laboratories and other fa- 
cilities at the National Institutes of 
Health, Bethesda, Md., and at field sta- 
tions. Membership of the panel, known 
as the Board of Scientific Counselors of 
the National Institute of Mental Health, 
is apportioned selectively between clin- 
ical and fundamental science categories 
to maintain balanced perspective. It is 
expected that in addition to their re- 
view of the institute’s scientific activities 
the new counselling body will provide 


the director of the institute with objec- . 


tive viewpoints and guide lines on the 
long-range perspective of intramural re- 
search. 

Membership on the board is for a 
term of 4 years. However, for the pur- 
pose of establishing a rotation of tenure, 
the terms of the initial appointees, which 
commenced 1 July 1957, -will-expire at 
staggered intervals. The board members 
are Horace W. Magoun, John Benjamin, 
Stanley Cobb, Jordi Folch-Pi, Robert F. 
Bales, and Neal E. Miller. 


Science Adviser’s Responsibilities 


The 3 February Department of State 
Bulletin comments as follows about the 
recent appointment of AAAS president 
Wallace R. Brode as science adviser, a 
long-vacant State Department post [Sci- 
ence 126, 175 and 182 (24 Jan. 1958)]: 

“Dr. Brode’s appointment signals a 
fresh emphasis on a postwar Department 
of State function curtailed in 1955 in 
order that the program might be re- 
viewed and plans made for the future. 
Reexamination during the past year in- 
dicated the growing importance of ac- 
tivities of scientists as a significant ele- 
ment in formulating foreign policy and 
in carrying on relations with other gov- 
ernments. The new work will therefore 
be oriented’ more closely than before to 
the objectives of the Department and the 
Foreign Service. Both the Science Ad- 
viser and the science attachés will be 
responsive to requirements of other gov- 
ernment departments that carry on sci- 
entific activities abroad, since certain of 
these activities form parts of the pattern 
of our foreign relations. Dr. Brode will 


also keep in close touch with. Dr. Killian... . 
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“As counterparts overseas of the Sci- 
ence Adviser in Washington, certain sci- 
ence attachés will be appointed to advise 
and collaborate with political, economic, 
and other embassy officers on those for- 
eign-relations questions in which scien- 
tific considerations play a part. They will 
also assist other Federal agencies and 
private groups in carrying out their pro- 
grams of scientific cooperation abroad, 
such as those of the National Science 
Foundation, the International Coopera- 
tion Administration, the National Acad- 
emy of Sciences, etc. Like other members 
of the Foreign Service, they will keep the 
Department currently informed of de- 
velopments significant for international 
relations.” 


White House Dinner for Scientists 


Recently the President gave a science- 
military dinner at the White House, the 
first such state dinner ever held. It was 
about three-tenths military. All the rest 
of the guest list, which totaled 49 
couples, represented the scientific com- 
munity from Boston to California, with 
the exception of the chairman of the 
Federal Reserve Board. 

In general, the military men outranked 
the scientists in protocol. The highest- 
ranking scientist, James R. Killian, Jr., 
the President’s new special assistant for 
science and technology, was placed tenth 
on the protocol list. The next scientist 
named was Alan T. Waterman, director 
of the National Science Foundation, who 
was nineteenth on the list and immedi- 
ately under Lieutenant General James H. 
Doolittle, chairman of the National Ad- 
visory Committee for Aeronautics. There 
the official protocol ended, and the other 
guests were named alphabetically. 

Four Nobel Prize winners were pres- 
ent: John F. Enders, medicine and bi- 
ology, Harvard University; Edward M. 
Purcell, physics, Harvard University; 
Isidore K. Rabi, physics, Columbia Uni- 
versity; and Glen T. Seaborg, chemistry, 
University of California. 


Navy Roster of Scientists 


The Office of Naval Research has 
prepared a roster listing all civilian sci- 
entists and engineers, GS-13 and above, 
employed by the Department of the 
Navy. Bureau chiefs, commanding offi- 
cers, and technical directors of labora- 
tories use, the list-to- locate qualified: in- 
dividuals for consultation or for unique 
assignments. The list supplements the 
roster of scientific and technical man- 
power maintained-by the National Sci- 
ence Foundation. 

Special lists of scientists.and engineers 


.can be prepared easily from ‘the: Navy 


roster, which includes some 3000 names 
on I.B.M. cards that contain 24 items of 
information about each person. Forty- 
five items are included in the question- 
naire completed by each scientist or en- 
gineer. Special runs of I.B,M. cards have 
been made to obtain an alphabetical 
listing of all persons included, an alpha- 
betical listing by naval activity, scientific 
speciality in which most competent, and 
by profession. 


British Association Sends 
Congratulations 


The British Association for the Ad- 
vancement of Science congratulated the 
United States on the launching of an 
earth satellite in the following message 
to the president of the U.S. National 
Academy of Sciences: 

“The British Association for the Ad- 
vancement of Science congratulates the 
scientists of the United States of Amer- 
ica on the successful launching of an 
artificial satellite. In itself a brilliant 
achievement, the launching has put into 
orbit around the earth a new instrument 
for the scientific investigation of extra- 
terrestrial phenomena which will as- 
suredly lead to the acquisition of knowl- 
edge of inestimable human significance.” 


Tests of Educational Progress 


Late in 1957, the Educational Testing 
Service released a new series of achieve- 
ment tests for schools and colleges called 
the Sequential Tests of Educational 
Progress (STEP). Designed for use in 
grades 4 through 14, the tests are meas- 
ures of critical skills in reading, writing, 
listening, mathematics, science, and so- 
cial studies. 

The STEP series, developed over a 
4-year period, began with four basic as- 
sumptions about teaching and testing, 
which were agreed upon by the test spe- 
cialists at ETC and the hundreds of edu- 
cators they consulted. These assumptions 
are (i) that the primary goal of all edu- 
cation is the development of the individ- 
ual student, (ii) that education is a con- 
tinuous and cumulative process, (iii) 
that the focus of education is upon devel- 
opment of critical skills and understand- 
ings, and (iv) that the success of educa- 


~ tion can best be measured in terms of the 


individual’s ability to apply his school- 
learned skills in solving new problems. 

‘ Educators then worked with ETS to 
build tests that focus on the outcomes of 
instruction rather than on its content. 
The tests confront a student with new 
and realistic problem situations. To solve 
them, he must use and apply the skills 
and understandings he has learned in the 
classroom; 
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A notable feature of the new STEP 
series is the effort made to have the tests 
reflect continuity in educational growth 
and measurement. This continuity was 
achieved by building into the test content 
itself a continuity of educational devel- 
opment arid by developing in each field 
a single score scale that is continuous 
from the lowest level of the test to the 
highest. 

Continuity of content was built into 
the tests by having curriculum experts 
from all levels in a field (from the lower 
grades of elementary school through the 
first two years of college) work out the 
test questions together and at one time. 
In the field of science, for example, the 
educators who wrote the questions for 
all levels were housed in one dormitory 
for a 2-week period, spending part of 
each day working together as a single 
committee. Thus the skills, concepts, and 
ideas regarded as important enough to 
test at one level were also tested at all 
other levels. 

Information about the Sequential 
Tests of Educational Progress may be 
obtained by writing to the Cooperative 
Test Division, Educational Testing Serv- 
ice, 20 Nassau St., Princeton, N.J. 


New Journals 


Cowa Bibliography, Current Publica- 
tions in Old World Archaeology and 
Cowa Survey, Current Work in Old 
World Archaeology, No. 1, 1957. Lauris- 
ton Ward, Ed. Council for Old World 
Archaeology, 11 Divinity Ave., Cam- 
bridge 38, Mass. $4 per year. 

Current Contents of Pharmaco-Medi- 
cal Publications, vol. 1, No. 1, Jan. 7, 
1958. Eugene Garfield Associates, 1523 
Spring Garden St., Philadelphia 30. 
Weekly. Minimum service charge $1500 
per year. 

Molecular Physics, vol. 1, No. 1, Jan. 
1958. H. C. Longuet-Higgins, Ed. Tay- 
lor and Francis, London. Quarterly. 
$13.50 per year. (In the United States 
and Canada order from Academic Press, 
New York 3) 

The Physics of Fluids, vol. 1, No. 1, 
Jan.—Feb., 1958. Francois N. Frenkiel, 
Ed. American Institute of Physics, New 
York, Bimonthly. Members, $8; others, 
$10. 

Prod. Political research: organization 
and design,’ vol. 1, No. 2, Nov. 1957. 
Alfred de Grazia, Karl Deutsch, and 
Richard ‘Snyder, principal agents. Box 
294, Princeton, N.J. Bimonthly. Aca- 
demic, $2; Educational Institutions, $3; 
Commercial, $10. 

Revista Latinoamericana de Anatomia 
Pathologica, vol. 1, No. 2, July—Dec., 
1957. Sociedad Latinoamericana de Ana- 
tomia Patolédgica, Box 2543, Caracas, 
Venezuela. Half yearly. $3. - 
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Atomic Energy Advisers 


Senator Henry M. Jackson (D., 
Wash.) has appointed. a special ad- 
visory panel to the Subcommittee on 
Military Applications of Atomic Energy, 
of which he is chairman. Jackson de- 
scribed the group as a “nuclear brain 
trust” and said it is the first standing ad- 
visory group, ever employed by a Con- 
gressional committee in the weapons 
field. Members of the new panel are 
Harvey Brooks, Gordon Dean, Ivan A. 
Getting, Roswell L. Gilpatric, Gaylord 
P. Harnwell, John Harold Lampe, Ken- 
neth Mansfield, Oskar Morgenstern, 
Roger Revelle, Edward Teller, John A. 
Wheeler, and Clyde Williams. 


High School Science in Michigan 


The University of Michigan has re- 
leased a report on the science and mathe- 
matics curricula of the 668 Michigan 
high schools accredited by the university. 
Beginning algebra is offered by 94 per- 
cent of the schools, intermediate or ad- 
vanced algebra by 64 percent, college 
algebra by 2 percent, plane geometry by 
90 percent, solid geometry by 30 percent, 
and trigonometry by 30 percent. One 
school offers a course entitled “analytic 
geometry and calculus,” and several 
others offer units of analytic geometry 
and calculus in courses described as “ad- 
vanced mathematics.” Biology is offered 
by 90 percent of the schools, chemistry 
by 95 percent, general science by 52 per- 
cent, and physics by 90. percent. About 
four-fifths of the state’s high schools are 
accredited by the university. 


News Briefs 


Atomic sterilization emerged from the 
experimental stage last month when 
Ethicon, Inc., started full-scale commer- 
cial use of electron beam sterilization 
in its Somerville, N.J., plant. Ethicon, 
a division of Johnson and Johnson, man- 
ufactures catgut sutures. 

* 

The 70th anniversary of the birth of 
Nicolai Ivanovitch Vavilov on 26 No- 
vember 1957 was marked by celebrations 
of the following Soviet scientific groups: 
the Society of Naturalists (Moscow), 
the Timiriazev Agricultural Academy 
(Moscow), the House of Scientists (Mos- 
cow), and the Botanical Society of the 
U.S.S.R. It is reported that these cele- 
brations indicate the development of an 
increasingly liberal attitude toward ge- 
netics in the U.S.S.R. 

* 

The third program of CBS Television’s 
Conquest series on science and scientists 
will be shown on 9 March from 5 to 6 


a 
) 


p.M. The program, which is sponsored 
by the Monsanto Chemical Company and 
presented in cooperation with the AAAS 
and the National Academy of Sciences, 
will be devoted to Antarctica, heart 
surgery, and the insect world. 

The United States satellite’s more 
powerful radio, which operated on 108.3 
megacycles, stopped after 11 days. The 


second, broadcasting at 108 megacycles, ° 


is expected to operate until April. 

The Association for the Aid of Crip- 
pled Children, in the interest of reduc- 
ing pregnancy wastage, is compiling a 
book “The Placenta and Fetal Mem- 
branes—A Survey.” A portion of the 
book will be comprised of brief descrip- 
tions of research work in progress. The 
association would appreciate receiving 
information concerning any projects 
which may be germane. The name and 
address of the investigator and informa- 
tion about the nature of the investiga- 
tion should be sent to Dr. Louis M. Hell- 
man, in care of Association for the Aid 
of Crippled Children, 345 E. 46th St., 
New York 17, N.Y. 


Scientists in the News 


BERTRAND RUSSELL, British phi- 
losopher, mathematician, and writer, 
has received the 1957 Kalinga Prize for 
the popularization of science, offered an- 
nually by the United Nations Educa- 
tional, Scientific and Cultural Organi- 
zation. Kalinga is the name of a foun- 
dation which contributes to the economic 
development and the social and cultural 
progress of the Indian State of Orissa. 
The Kalinga Prize of £1000 is offered 
for the purpose of recognizing the work 
of leading interpreters of science and of 
strengthening links between India and 
scientists of all nations. The prize fund 
is a personal donation of B. Patnaik, a 
member of the Legislative Assembly of 
Orissa. He is a director of the founda- 
tion. 

Nominations for the Kalinga Prize are 
received each year from various scientific 
groups directly interested in the popu- 
larization of science, and_ particularly 
from national associations for the ad- 
vancement of science and national asso- 
ciations of science writers. In 1957 there 
were seven candidates presented by as- 
sociations in France, the Federal Repub- 
lic of Germany, Italy, United Kingdom, 
United States, and Venezuela. 

The nominations were considered by 
an international jury composed of Mar- 
cel Florkin, biochemist, president of the 
Association Belge pour la Diffusion de la 
Science (Belgium), L. J. F. Brimble, 


editor of Nature (United Kingdom); 


and J. L. Jakubowski, member of the 
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Academy of Science (Poland). Bertrand 
Russell was nominated by the Venezue- 
lan Association for the Advancement of 
Science. 


SAMUEL S. WILKS, professor of 
mathematical statistics at Princeton Uni- 
versity, has been named as the new 
chairman of the Mathematics Division 
of the National Academy of Sciences— 
National Research Council. He succeeds 
PAUL A. SMITH, professor of mathe- 
matics at Columbia University, who has 
served as division chairman since 1955. 


GOTTFRIED S. FRAENKEL of the 
department of entomology, University 
of Illinois, will spend from February to 
September in Japan on sabbatical leave 
endeavoring to learn why silkworms must 
have mulberry to survive. He was in- 
vited to Japan by T. YOKOYAMA, di- 
rector of the Sericultural Experiment 
Station there. He will work with 
TOSHIO ITO, who was at Illinois in 
1955-57. 


DONALD B. LINDSLEY, University 


of California psychologist and a special- 
ist in the human nervous system, will be 
the William James lecturer on psychol- 
ogy at Harvard University for 1958-59. 
In addition to the ten James lectures, 
which are open to the public, Lindsley 
will offer a graduate seminar during the 
fall term. Lindsley is best known for his 
analysis of brain waves, for which he 
employs electroencephalography. 


HUTTON D. SLADE, chief of mi- 
crobiology at the Rheumatic Fever Re- 
search Institute, Chicago, has been 
named associate professor of microbiol- 
ogy at Northwestern University Medical 
School. Slade’s research efforts have 
been concerned with the group A hemo- 
lytic streptococcus. This microorganism 
causes infections of the respiratory tract 
which may lead to rheumatic heart 
disease. 


Scientific visitors to North America 
from Australia include the following: 

C. F. BRUCE, Division of Metrology, 
Commonwealth Scientific and Industrial 
Research Organization, has just com- 
pleted a tour of the United Kingdom 
and Europe. His itinerary provides for 
visits to Montreal; Ottawa; Chicago; 
Lafayette, Ind.; Pittsburgh, Pa.; Roches- 
ter, N.Y.; Boston; New York; Philadel- 
phia; Washington (22-29 March); Los 
Angeles; and San Francisco, from which 


he departs on 3 April. 


W. R. SOBEY, Animal Genetics Sec- 
tion, CSIRO, is visiting the United 
States to see work on viruses, with par- 
ticular emphasis on changes of specific- 
ity and genetic characteristics. His itiner- 
ary provides for visits to the University 
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of California; Iowa State College; 
Mount Sinai Medical Research Founda- 
tion, Chicago; Indiana University; 
Washington University, St. Louis; Uni- 
versity of Missouri; Gatlinburg, Ten- 
nessee; Madison, Wis.; New York; and 
Boston. He will be leaving for the United 
Kingdom on 7 May. 


STANFORD B. SPRACKLEN, co- 
developer of an industrial gas chro- 
matograph for continuous stream analy- 
sis and control, has been named associ- 
ate director of research and engineering 
for the Process Instruments Division of 
Beckman Instruments, Inc., Fullerton, 
Calif. Spracklen was for 13 years super- 
visor of instrument research and devel- 
opment for Union Carbide Chemicals 
Co., South Charleston, W.Va. 


WARNER L. WELLS, assistant pro- 
fessor of surgery at the University of 
North Carolina, is to receive the univer- 
sity’s O. Max Gardner Award on 22 
March for discovering, translating, and 
editing Hiroshima Diary, The Journal of 
a Japanese Physician, August 6—Septem- 
ber 30, 1945, by Michihiko Hachiya. The 
award is given to the “member of the 
faculty of the Consolidated University 
of North Carolina who in the current 
scholastic year has made the greatest con- 
tribution to the welfare of the human 
race.” 


JAMES H. BYWATERS, professor 
of poultry husbandry at Virginia Poly- 
technic Institute, has been named di- 
rector of research at the William H. 


Miner Agricultural Research Institute, 
Chazy, N.Y. 


JOHN F. SANDFORT, professor of 
mechanical engineering at Iowa State 
College, has been named head of the 
mechanical engineering department at 
South Dakota State College, effective 1 
March. He replaces LEE L. AMIDON, 
who has been head of the department 
since 1941. Amidon, who remains on the 
staff as professor, prefers a 9-month ap- 
pointment to the 12-month requirement 
for engineering department heads. 


BENJAMIN FRIEDMAN has been 
appointed professor and director of the 
department of ophthalmology at New 
York Medical College, Flower and Fifth, 
Avenue Hospitals. He has been on the 
staff of the institution since 1946, serving 
first as instructor and later as associate 
professor. 


The third annual Priestley Lectures 
will be given at Pennsylvania State Uni- 
versity on successive days, 24 March 
through 28 March, by HAROLD H. 
STRAIN of the Chemistry Division, Ar- 
gonne National Laboratory. The lectures 


are sponsored by Mu Chapter of Phi 
Lambda Upsilon, honorary chemical so- 
ciety, and Pennsylvania State University 
as a memorial to Joseph Priestley, who- 
spent the latter part of his life at North- 
umberland, Pa. Strain’s -topic for this 
year’s lecture series is “Chloroplast Pig- 
ments and Chromatographic Analysis.” 
As in the past, the collected lectures will 
be published and sold by the Mu Chap- 
ter of Phi Lambda Upsilon to help de- 
fray expenses. 


Recent Deaths 


H. L. EULER, Birmingham, Ala.; 
66; professor and head of the depart- 
ment of psychology at Athens College; 
former supervisor in the adult-education 
program of the New York City Board 
of Education; 6 Feb. 

WILLIAM A. FITCH, Ringoes, N.J.; 
retired pharmaceutical chemist; 8 Feb. 

LEWIS B. HILL, Towson, Md.; 63; 
professor of psychiatry at Johns Hopkins 
University and psychiatrist in chief of 
the Sheppard and Enoch Pratt Hospital; 
5 Feb. 

FRIEDRICH G. KAUTZ, New 
York, N.Y.; 69; director of radiology and 
roentgenology at Knickerbocker Hospi- 
tal; author of many papers on the radio- 
logical diagnosis of diseases of the bones 
and joints; 5 Feb. 

LEE A. KEANE, New Canaan, Conn.; 
63; chemical engineer; retired vice presi- 
dent of the United States Industrial 
Chemical Company; 8 Feb. 

STOCKTON KIMBALL, Buffalo, 
N.Y.; 55; dean of the University of Buf- 
falo Medical School since 1946; 7 Feb. 

PHILIP R. LEHRMAN, New York, 
N.Y.; 62; professor of neurology and psy- 
chiatry at New York University—Bellevue 
Medical Centre; 4 Feb. 

ELLEN C. POTTER, Philadelphia, 
Pa.; 86; physician and former Pennsyl- 
vania Secretary of Welfare, the first 
woman in the country to hold such a po- 
sition; 9 Feb. 

EDWARD G. REINHARD, Wash- 
ington, D.C.; 58; professor and head of 
the biology department at Catholic Uni- 
versity of America; taught invertebrate 
zoology; specialist in parasitic crustacea 
and in the history of parasitology; 29 
Jan. 


THOMAS STEWART, Berkeley, 


‘Calif.; 67; professor emeritus of chem- 


istry at the University of California; 6 
Feb. 

EDWARD H. STROMBERG, Evans- 
ton, Ill.; 63; retired director of develop- 
ment and research of Northwestern Uni- 
versity; 6 Feb. 


Erratum: the term Seconal, a trademark of 
Eli Lilly and Company for secobarbital sodium, 
was used as a generic term in the issue of 20 
Dec. 1957 (vol. 126, p. 1120, column.2, line 48). 
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Secondary Reinforcement 
Established with Subcortical 
Stimulation 


Olds and Milner have demonstrated 
that direct electrical stimulation of cer- 
tain structures of the brain has a reward- 
ing effect (J). Rats with chronic elec- 
trode implants in the limbic system were 
observed to maintain high rates of self- 
stimulation if given the opportunity to 
do so by pressing a lever. Subsequent re- 
search has confirmed and extended this 
finding. For example, Olds has shown 
that rats will learn to thread a maze for 
a brain stimulation reward (2) and will 
even accept a painful shock to the feet 
by crossing an electrified grid to obtain 
direct brain stimulation (3). Using op- 
erant conditioning techniques, Sidman 
et al. studied the effects of presenting 
the electrical brain stimulus under dif- 
ferent reward schedules (4). The char- 
acteristic rates of responding that are 
known to result when conventional re- 
inforcing agents (like food or water) 
are presented on particular reinforce- 
ment schedules (5) were also obtained 
with brain stimulation reinforcement 
schedules. These studies make it clear 
that direct stimulation of certain brain 
structures can serve as primary rein- 
forcement for the modification or main- 
tenance of behavior. 

The study described in the present re- 
port was directed at the investigation of 
the brain stimulation reward with re- 
spect to another important property of 
primary reinforcing agents—the ability 
to impart (secondary) reinforcing pow- 
ers to originally neutral stimuli, if these 
stimuli closely and regularly precede the 
occurrence of the primary reinforcer 
(6). The present finding that electrical 
stimulation of the brain can serve as 
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Reports 


primary reinforcement in establishing 
secondary reinforcing powers in neutral 
stimuli extends the generality of its ac- 
tion as a reinforcer and also provides 
some information} about the process 
through which neutral stimuli take on 
secondary reinforcing functions. 

A slight modification of the classical 
paradigm for the establishment of and 
test for secondary reinforcement was 
used. Eighteen rats with chronic bipolar 
electrode implants in or near the septum 
or anterior hypothalamus were trained 
in a small chamber containing two levers 
in one wall. Pressing of one of the levers 
produced a l-sec tone of clearly audible, 
but not uncomfortable, intensity. Press- 
ing of the other had no effect. A series 
of six daily, 1-hour sessions established 
the neutrality of the tone, as a very 
slight preference induced initially for 
the no-tone lever was maintained gen- 
erally throughout the 6-day period (7). 

On the seventh day, both levers were 
removed from the chamber, and 100 
presentations of the tone, followed 0.5 
sec after its onset by a 0.5-sec train 
of brain stimulation, were given. The 
time interval between pairings was 
varied; the mean duration was 1 minute. 
The brain stimulation, which was sup- 
plied from a pulse-pair generator re- 
cently described by Lilly et al. (8), had 
a frequency of 100 cy/sec and a pulse- 
pair duration of 0.1 msec. The current 
for all subjects was set at approximately 
13 ma (positive peak current)—a value 
known to produce a good reinforcing 
effect in most positive locations. This 
procedure was repeated for three addi- 
tional days, at the end of which time all 
animals had received a total of 400 pair- 
ings of tone and brain shock. 

"The levers were then placed again in 
the chamber, and for the next 3 days, 
1-hour test sessions were conducted un- 
der conditions that duplicated those of 
the pre-pairings phase. The same lever 
that produced the 1-sec tone in the first 
phase also gave a tone when pzessed 
in the test phase, and no brain shocks 
were given, 

If pairing the tone with the brain 
shock in the second phase establishes the 
tone as a secondary reinforcer, then two 
important effects are expected in the test 
period: (i) a switch in lever preference: 


the tone-producing bar will be pressed 
more frequently than the no-tone bar; 
and (ii), the absolute rate of responding 
at the tone lever will increase over the 
pre-pairings level. 

These predictions are based on the 
premise that the brain stimulation em- 
ployed in the pairings phase was itself 
positively reinforcing. To determine the 
primary reinforcing value of this stimu- 
lation for each animal, a fourth phase 
was included in the procedure. Imme- 
diately after the last test day, one of the 
levers was removed, and a train of brain 
stimulation of the same intensity and 
duration as that used in the pairings pro- 
cedure was given for each response at 
the remaining lever. No tones were given 
in this phase. The rate of self-stimula- 
tion (lever-pressing) at the end of a 
1-hour session was taken as a. gross index 
of the reinforcing value of the brain 
shock (9). On the basis of these self- 
stimulation rates, an unambiguous divi- 
sion of the animals into two groups could 
be made. Thirteen animals (brain shock 
positive group) gave rates of 9 responses 
per minute or higher, and five animals 
(brain shock neutral group) hid rates 
of 0.2 response per minute or less. The 
second group was used as a control. 

The data used in the analysis for a 
secondary reinforcement effect are sum- 
marized in Fig. 1. The total number of 
responses to each lever in the three ses- 
sions immediately before and the three 
sessions after the pairings phase were 
tallied for each animal and then aver- 
aged over the two groups. In the curves 
for the brain shock positive group, the 
two indications that secondary reinforc- 
ing properties were acquired by the tone 
are clearly evident. The crossing of these 
curves reflects the shift in preference to 
the tone-producing bar; the sharp posi- 
tive slope of the tone-bar curve reflects 
the absolute increase, exceeding 200 per- 
cent, in response frequency at that bar 
following the pairings. 

Statistical tests affirm these observa- 


40F BRAIN SHOCK |! BRAIN SHOCK 
POSITIVE | NEUTRAL (N=5) 
30F 
TONE BAR # 
\ 
20 I 
NO TONE 
F NO TONE 
2 BAR 4 


Fig. 1. Mean number of responses at the 
two bars for the three sessions before, and 
the three sessions after, the pairings phase 
for both groups. 
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tions. A t-test of the difference between 
the difference scores (responses to the 
tone bar minus responses to the no-tone 
bar) before and after the pairings gave 
t=4.07 (p= .001, indicating a signifi- 
cant shift in lever preference. A t-test of 
the difference in response frequency at 
the tone bar before and after the pairings 
gave t=4.20, p = .001. 

In contrast, neither of these effects 
was obtained in the brain shock neutral 
group. The preference for the no-tone 
bar, although diminished, persisted after 
the pairings procedure, and the absolute 
increase in response frequency at the 
tone bar was negligible. 

It is concluded that electrical stimula- 
tion of septal and hypothalamic struc- 
tures can serve as primary reinforcement 
in establishing secondary reinforcing 
powers in neutral stimuli. This finding 
does not seem to be consistent with a 
theory of secondary reinforcement which 
assumes that a neutral stimulus must be 
established as a discriminative stimulus 
in order to function as a secondary re- 
inforcer (10). 

It is tempting to speculate that what 
may be involved here is a kind of neural 
conditioning, with the tone serving as the 


conditioned stimulus and the brain shock 


as the unconditioned stimulus. After the 
pairings, the tone has reward value be- 
cause it gives rise to a conditioned neural 
discharge of a reinforcing nature (in, 
presumably, the same structure, stimu- 
lated electrically). Indeed, it should be 
possible, through the use of brain-wave 
recording techniques, to determine di- 
rectly whether neural activity produced 
by direct stimulation of subcortical struc- 
tures can in fact be conditioned to a 
sensory input. 

Larry StTern* 
Department of Experimental Psychology, 
Walter Reed Army Institute of Research, 
Washington, D.C, 
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effective delivery of the brain shock reward 
requires no (operant) response on the part of 
the animal, in contrast to conventional reward 
situations which involve approaching and con- 
summatory behavior. In a case such as this, 
it is hard to see how particular responses 
could have been selectively reinforced with 
brain shock in the presence of the tone to 
permit the formation of a discrimination. 
Furthermore, the brevity of the interval be- 
tween tone and brain shock (0.5 second) 
would make the development of superstitious 
behavior in response to the tone unlikely. No 
evidence of such behavior was indicated by 
observation. 


Present address: Veterans Administration Re- 
search Laboratories in Neuropsychiatry, Leech 
Farm Road, Pittsburgh, Pa. 
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Effects of Brief Exposures to 
Cold on Performance and 
Food Intake 


The relationship between food intake 
and temperature is usually studied, as is 
acclimatization in general, during pro- 
longed exposure to one temperature. 
Under these conditions, rats typically 
show a configuration of changes that 
comprise the state called acclimatization. 
These include changes in heat produc- 
tion and food intake, endocrine structure 
and function, peripheral vascularization, 
and so on (/). In this paper, I report 
data (2) based on brief exposures to 
varied temperatures which appear to 
demonstrate acclimatization phenomena 
of very short latency. 

Rats were exposed to a temperature 
of either 0°, 10°, or 20°C (+2°C) for 
20 minutes per day. The apparatus used 
was a box 10 by 10 by 11 in. that con- 
tained a lever and a device for deliver- 
ing a small pellet of food weighing 
about 0.04 g. The box was kept in an 
insulated enclosure connected to a re- 
frigeration unit so that its internal tem- 
perature could be varied. The lever was 
connected in such a way that a food 
pellet was delivered once per minute, 
provided that the lever was pressed at 
the end of the period. This periodic re- 
inforcement schedule was used in order 
to avert differences in food intake among 
the animals while they were in the ap- 
paratus. The animals were given access 
to food for only 1 hour following their 
exposure to the various temperatures. 

Thirty male Sprague-Dawley rats, 
about 6 months old, were used as sub- 
jects. They were started on the study 
after 3 weeks of experience on the 1- 
minute periodic reinforcement schedule. 
Each animal was exposed to each tem- 
perature during each 3-day experimental 
period. There were eight of these peri- 
ods, or 24 experimental days in all, for 
each rat. Three different sequences of 
exposure were used, with ten animals as- 
signed to each sequence, and each group 
repeated its assigned sequence four times. 
These sequences were as follows: Group 


x 10° 
20° 


1: 0°, 20°, 10°, 20°, 0°, 10°C; group 2: 
10°, 0°, 20°, 10°, 20°, 0°C; group 3: 
20°. 0°. 10°, ‘20°. 

The performance criterion was the 
number of lever-presses made during 
each experimental session: The data on 
food intake are based on the amount of 
food eaten in the 1-hour period follow- 
ing the 20-minute exposure. This food 
was a commercial dog food (Red Chain) 
that had been crushed to powder form. 
Feeding cups with perforated inserts 
were used to prevent spilling. 

Figure 1 shows the performance data 
for the first four periods (3). Each point 
in this figure is based on the perform- 
ance of all 30 animals. During the first 
period, response frequency was greatest 
for the highest temperature and least 
for the lowest temperature. Then, be- 
cause of increases in responses at the two 
lower temperatures, the frequency for 
all three temperatures became about the 
same. Since rats exposed to cold eat 
more food, one would expect them to re- 
spond more frequently at lower tem- 
peratures because of the correlation be- 
tween length of food deprivation and 
rate of lever pressing (4). 

Figure 2 reveals the amount eaten in 


; 


MEAN RESPONSE FREQUENCY 


1-3 W0-12 
EXPERIMENTAL DAYS 


Fig. 1. Performance (lever-pressing) data 
at the three different temperature levels 
during the first four of the eight 3-day 
periods. 


EXPERIMENTAL DAYS 
Fig. 2. Food intake during the hour that 
directly followed exposure to the three dif- 
ferent temperatures to which the rats were 
subjected during the eight 3-day periods 
of the experiment. 
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the 1-hour period following exposure 
to the three temperatures during each 
of the eight 3-day periods. During the 
first period, the rankings are exactly the 
reverse of what would be expected on 
the basis of heat production and caloric 
need in the cold. By the third period, 
however, the rankings are in accord with 
this expectation. An analysis of variance 
performed on these data showed that 
differences among temperatures and pe- 
riods attained the .001 level of signifi- 
cance. 

A second study—this one of response 
to 20-minute exposures to temperatures 
of either — 10° or 20°C for six consecu- 
tive days—showed, during an 18-day 
period (which allowed for two revers- 
als), results similar to those obtained in 
the first experiment. Both food intake 
and frequency of response at the lower 
temperature tended to increase for about 
3 days and then to level off. 

One criterion of acclimatization is a 
change in behavior that is more adaptive 
in one particular situation than in an- 
other. In the present situation, acclimati- 
zation would be evinced by a greater 
response frequency at lower than at 
higher temperatures (provided that bar- 
pressing is not inefficient as a method 
of producing and conserving heat for 
a limited period) and by an increase in 
the amount of food ingested after ex- 
posure. While the former did not occur, 
there was still a considerable rise in fre- 
quency of bar-pressing from the original 
level for the two lower temperatures, 
and I think it fair to call both the 
changes in bar-pressing behavior and in 
food consumption evidence of acclimati- 
zation—or, at least, a form of acclimati- 
zation. 

The other feature of the data that 
seems pertinent to acclimatization is the 
retention of adaptation in the face of 
constant shuffling of the exposure tem- 
perature. Perhaps most striking is the 
specificity that soon appears in food in- 
take. This short-term adaptation of 
energy intake to energy output is one of 
the three types of energy regulation pos- 
tulated by A. Mayer (5), who, in the 
rabbit, found this short-term regulation 
to be the most precise of the three types. 
It must be emphasized once more, how- 
ever, that the findings I am reporting 
are based on very brief exposures. 

These data do not warrant making 
any statements about the ultimate 
mechanism of regulation of food intake. 

It would seem, though, that day-to-day 
regulation, at least with this feeding 
schedule, is quite sensitive to changes in 
temperature and that there is a short 
latency of response to its effects. 

BERNARD WEISS 
Division of Clinical Pharmacology, 
Department of Medicine, Johns 
Hopkins University School of 
Medicine, Baltimore, Maryland 
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Apparent Exception to the 
“All or None” Law in 
Cardiac Muscle 


The “all or none” law as applied to 
muscle states that the strength of the 
contraction is independent of the 
strength of the stimulus. Recently my co- 
workers and I observed an apparent con- 
tradiction to this principle. We were 
repetitively stimulating, at threshold 
voltage, an excised cat papillary muscle 
in a saline (1) bath by means of mass 
platinum electrodes lying alongside the 
niuscle. When the stimulus voltage was 
suddenly doubled, the contractions, after 
a few seconds’ delay, became gradually 
more forceful until they were about 100 
percent above the previous level (Fig. 
1A). When the voltage was returned to 
the threshold value, the contractions, 
after some delay, returned to the base 
line. The phenomenon was repeatable, 
and all cat papillary muscles (18 in all) 
have shown this response in varying de- 
grees. With a tenfold increase in stimu- 
lus voltage, the augmentation was much 
more pronounced, 

These observations suggested that 
some fibers, quiescent at the lower volt- 
ages, were activated by the stronger 
stimulation—that is, that the papillary 
muscle was not a functional syncytium. 
The delay in the onset of the augmenta- 
tion could be explained by assuming that 
some time was required before the re- 
cruited fibers reached maximum tension 
(treppe phenomenon). To test this sug- 
gestion the muscle was speared with a 
KCl-filled glass microelectrode having a 
maximum diameter at the tip of 0.5 wu 
(2). Resting and action potentials were 
recorded from 697 individual cells in 12 
cat papillary muscles during electrical 
stimulation at threshold voltages (3). 
No cells were found that showed a rest- 
ing potential but no action potential, 
such as might be expected to exist if the 
nonsyncytial hypothesis were correct. Ac- 
cordingly, it was abandoned. 

Results from eight isolated strips of 
cat atria suggested another hypothesis. 


In this tissue, under similar conditions, 
strong stimulation produced an_ initial 
depression, then a post-high-voltage rise 
in the contraction strength (Fig. 1B). 
Since acetylcholine would be expected 
to depress the contractions and would be 
expected to be present in the atria, it 
seemed possible that the strong stimula- 
tion had caused the release of this au- 
tonomic mediator. Indeed, atropine con- 
sistently blocked the depression and 
unmasked the augmentation produced by 
strong stimulation (Fig. 1C). These ob- 
servations were consistent with the view 
that, in the atrium, both acetylcholine 
and a potentiating substance were re- 
leased by the high voltage. When the 
stronger stimulation was terminated, the 
release of both substances diminished 
(or ceased), but the rapid hydrolysis of 
the acetylcholine permitted the _post- 
stimulation augmentation by the poten- 
tiating substance. The possibility that 
acetylcholine is responsible for both de- 
pression and augmentation cannot be 
overlooked. [Burn (4) cites several ex- 
amples of the potentiation of contrac- 
tions by low doses of acetylcholine.] If 
this were the case, however, one would 
expect that some augmentation would 
precede the depression, but this did not 
occur. 

Since it seemed reasonably certain that 
acetylcholine was the depressing agent, 
it followed that epinephrine or norepi- 
nephrine might be the potentiating sub- 
stance in both the atria and the papillary 
muscle. In addition to these considera- 
tions and the fact that these hormones 
are known to be present in heart muscle 
(5), there were other indications that 
implicated the epinephrines. For in- 
stance, spontaneous activity commonly 


A. 


30 Sec. 


— 
30 Sec. 


Fig. 1. A, Isometric contractions of driven 
papillary muscle of cat. At upright arrow, 
stimulus voltage was suddenly increased 
from 40 to 80 v; at inverted arrow, volt- 
age was reduced to 40 v (threshold). B, 
Isometric contractions of left atrium of 
cat; arrows same as A. C, Same as B, 5 
minutes after the addition of 10 ug of 
atropine to 8 ml bath. ; 
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occurred a few seconds after the strength 
of the stimulus was reduced to the 
threshold value. Incidentally, the spon- 
taneity could usually be stopped by again 
increasing the voltage. Also, the thresh- 
old for electrical stimulation fell during 
and shortly after a period of high-voltage 
stimulation. The similarity of the re- 
sponses to strong stimulation and the ef- 
fects of adding epinephrine or norepi- 
nephrine striking. Finally, large 
amounts (150 ug/cm*) of the sympatho- 
lytic drug dibenamine abolished or 
minimized the augmentation in both the 
atria and the papillary muscle. 

It has been tentatively concluded that 
acetylcholine is the depressor substance 
and that one of the epinephrine com- 
pounds is the potentiating substance. The 
relative amount of each substance re- 
leased will determine whether depression 
or potentiation will predominate. Thus, 
the lack of a significant depressor effect 
in the papillary muscle is explained by a 
relative absence of acetylcholine. In the 
atria, released acetylcholine overwhelms 
the concomitant release of the votentiat- 
ing substance. 

It is obvious that this phenomenon 
should be considered in interpreting the 
results of experiments which involve elec- 
trical stimulation of cardiac tissue. In 
pharmacological studies on isolated mus- 
scles, at least, it is quite possible that 
certain drugs may exert their effects by 
altering the threshold for the release of 
these substances. Further, if different 
areas of the heart contain different 
amounts of the two substances, as sug- 
gested here, uniformity of results with 
different tissues could hardly be ex- 
pected. 

More significance might be attached 
to these results if it could be demon- 
strated that these substances are released 
in the spontaneously beating heart strip 
or in one stimulated by point electrodes 
at threshold voltage. This seems a likely 
possibility in view of the fact that acetyl- 
choline and the epinephrines are released 
in the spontaneously beating perfused 
heart (4). If these substances are re- 
leased with each normal contraction, a 
number of previously described phe- 
nomena might be explained. For exam- 
ple, the treppe phenomenon and _post- 
stimulation potentiation could well be 
explained on this basis (see 6). Also, the 
opposite effect (“negative” treppe) seen 
in the rat ventricle could be due to a 
relative absence of the potentiating sub- 
stance. Indeed, preliminary studies in- 
dicate a crude correlation between the 
magnitude of the high-voltage potentia- 
tion and the extent of the treppe phe- 
nomenon and of post-stimulation and 
extrasystolic potentiation (7). 

J. WHALEN 
Department of Physiology, School 
of Medicine, University of 
California, Los Angeles 
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4 November 1957 


Long-Term Recording from 
Single Neurons in Brain of 
Unrestrained Mammals 


Much of our knowledge of the activity 
of single neurons in the central nervous 
system has been concerned with the 
study of phenomena of short time course 
—milliseconds to hours—and has in- 
volved the use of anesthetized animals, 
animals with brain lesions, or animals 
restrained by curarization. Some infor- 
mation is beginning to appear on the 
activity of single neurons in unanesthe- 
tized normal animals, but this is limited 
to activity of, at most, a few hours for 
the same neuron (/). 

It has been found possible to record 
discharges of single neurons for periods 
of a week or more by implantation of 
several stainless-steel wires, 80 uw in di- 
ameter, with insulation exposed at the 
cross section of the tip. The animal in 
use is the California ground squirrel, 
Citellus beecheyi, which is being used in 
a study of brain mechanisms in hiberna- 
tion. 

The implantation technique is fully 
described elsewhere (2), and since it in- 
volves many details necessary for the 
particular measurements made in hiber- 
nating squirrels, only the details perti- 
nent to this report are described here. 
The anesthetized squirrel was placed in 
a specially designed stereotaxic instru- 
ment, and holes were drilled and tapped 
in the skull for four 0-80 stainless-steel 
machine screws; smaller holes (approxi- 
mately 340 uw in diameter) were drilled 
at desired sites for the 80-1 stainless-steel 
insulated wires. The single 80-u wires 
were lowered into the brain through the 


latter holes with the aid of a manipulator, 


or, for short distances, merely by hand. 
A dental cement was applied around the 
base of the electrode and allowed to run 
onto one of the screws; after the cement 
had hardened, the electrode holder was 
loosened and withdrawn. Ordinarily, 
four to six of these particular electrodes 
were implanted in the brain of each ani- 
mal. About 2 mm of the free end of the 
80-1 wire was carefully stripped of its in- 
sulation and a No. 28 gauge color-coded 


flexible lead was soldered to it. Several 
more layers of the dental cement were 
applied until the solder junction was 
firmly imbedded. The leads were alli 
brought together, tied at intervals, and . 
passed through a flexible plastic tube, 
which was then imbedded. in cement at 
its base. 

Connection to the unanesthetized, un- 
restrained squirrel was made by merely 
plugging in the appropriate leads; these 
ran out of the animal’s cage, and han- 
dling of the animal was not involved. 
Conventional amplifying and recording 
equipment was used, and the potentials 
at the tip of the electrode were referred 
to one of the screws en the skull, which 
was grounded. With the method of con- 
nection used it has been possible to study 
unit patterns during intervals when the 
squirrel was falling asleep, waking, and 
in the alert state. 

Figure 1 illustrates the discharge of a 
unit with a predictable pattern when the 
squirrel is alert and, in this case, curled 


are shown, with relative silence between 
trains. Each train is further character- 
ized by a high-frequency outburst close 
to the start of the train. The slow waves 
have been filtered out; they are normally 


Fig. 1. Pattern of a unit in the mesen- 
cephalic reticular formation of an alert, 
deafened squirrel, resting in the dark, 
recorded on the eighth day after implan- 
tation of the electrode. Time for each 
strip is 4.6 sec; spikes average 60 pv; time 
constant, 2 msec. 
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large enough in amplitude to mask the 
spikes. 

The single fast sweeps shown in Fig. 2 
are from a different squirrel and illus- 
trate some of the spike wave forms en- 
countered at a recording site and their 
persistence some 4 days later. The 
constant wave form and relatively con- 
stant amplitude of the matching pairs 
support the thesis that these are the ac- 
tion potentials of single and identical 
neurons. 

Studies have so far been limited to the 
cells of the mesencephalic reticular for- 
mation, which are among the largest in 
the brain; the technique in its present 
form may not be applicable to all parts 
of the nervous system. 

An observation of interest is the pres- 
ence of some cells in this region which 
are predominantly active during sleep, 
with only short low-frequency bursts or 
no activity during the alert state. Activ- 
ity evoked by visual and tactile stimuli 
can be recorded from this region. 

The difficulty of determining the sig- 
nificance of a unit discharge evoked by 
some peripheral stimulus is obvious. For 
example, a single flash of light can be 
observed to evoke the discharge of some 
relatively silent units in the mesence- 
phalic reticular formation and also to 
further desynchronize the cortex, alert 
the olfactory bulb, speed up the heart, 
and increase muscle tone. It would be 
difficult to categorize these units as be- 
ing related to any of these components 


Fig. 2. Comparison of wave forms of simi- 
lar spikes from one locus in the mesen- 
cephalic reticular formation, recorded 4 
days apart (recordings in column at right 
were made 4 days later than those at left). 
This locus has three distinct spikes, each 
with a wave form which did not vary over 
hundreds of observations; a negative di- 
phasic with a preliminary exponential 
inflection on the rising phase (top, see 
3, 4,5); a larger negative diphasic with 
a tendency to fire in pairs (middle); a 
triphasic spike (lower). The spikes seem 
to fire independently of each other. Nega- 
tivity, up; time of each sweep is 8 msec 
except for upper left, which is 4 msec; 
amplification of recordings in column at 
right is 1.3 times that on left; time con- 
stant (left), 200 msec, (right), 2 msec. 
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of the animal’s total behavior because of 
the many variables of similar time course 
which are changing and are not being 
recorded. It is quite possible that the 
unit evoked may not be even indirectly 
connected with any of these components. 

In conclusion, it is felt that techniques 
which allow the study of the behavior 
of neurons over a period of days are of 
potential value in understanding long- 
term phenomena in the central nervous 
system, including learning, memory, and 
recall; these techniques are now avail- 
able (6). 

StRUMWASSER* 

Department of Zoology, University 
of California, Los Angeles 
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23 December 1957 


A Study of Grain Contacts in 
Granitic Rocks 


In order to determine whether a con- 
currently crystallizing or previously crys- 
tallized mineral grain in a granitic rock 
affects the development of neighboring 
crystals, a study has been made of the 
contact relationships of minerals in thin 
sections of various granites. The study 
is based on the presumption that, if the 
different minerals in granites are ran- 
domly and uniformly distributed, then 
the percentage of contact area of a min- 
eral A that is in contact with any other 
mineral B should be proportional to the 
modal percentage of mineral B in the 
rock. In such cases of proportionality, it 
may be presumed that minerals did not 
affect the development of neighboring 
grains. 

For all possible pairs of minerals in 
the granites studied, the following ratio 
was measured: percentage of total con- 
tact length of all grains of mineral A 
occupied by mineral B/modal percent- 
age of mineral B. The modal percent- 
ages were measured by point counting, 
and the various contacts were measured 
by retracing the traverses used in point 
counting and counting the number of 
times each possible contact (for exam- 
ple, a quartz-plagioclase contact) was 
crossed. Grain contacts along which 
albite, chlorite, or other presumably 
secondary minerals were concentrated 
were counted as contacts between the 


two primary minerals on either side of 
the secondary material. 

A total of 31 granitic, quartz monzo- 
nitic, and granodioritic rocks were stud- 
ied. Samples were obtained from a wide 
range of localities; they included South- 
ern California batholith; intrusions in 
the Front Range (Colorado), intrusions 
in the Sierra Nevadas (California), the 
Idaho and Boulder batholiths, and the 
White Mountain, New Hampshire, and 
Oliverian series of New England. The 
average composition of these rocks is 
32.3 percent quartz; 27.7 percent potas- 
sium feldspar; 32.6 percent plagioclase; 
6.6 percent biotite; minor hornblende 
(in a few samples); and rare magnetite, 
zircon, sphene, apatite, and muscovite. 

The results are shown in Table 1. The 
numbers in this table are the geometric 
means from all samples studied of the 
ratio: percentage of contact length of 
mineral A in contact with mineral 
B/modal percentage of mineral B. In a 
few samples either potassium feldspar, 
plagioclase, or biotite was absent, but all 
means represent at least 28 samples. 

As shown by Table 1, many of the 
ratios are close to one. Statistical ¢ tests 
of the logarithms of the ratios from each 
sample confirm, at the 99-percent con- 
fidence level, that the potassium feld- 
spar-potassium feldspar and plagioclase- 
plagioclase ratios are less than one. 
None of the other ratios involving 
quartz, potassium feldspar, or plagio- 
clase are demonstrably different from 
one. The percentage of contacts of all 
minerals with biotite (as the mineral B 
in Table 1) are greater than one, prob- 
ably because the irregular shape of the 
biotite causes it to have a large surface 
area for its volume. 

Presumably ratios close to one in 
Table 1 signify that the minerals in- 
volved have had little or no effect on 
one another’s crystallization. In the case 
of potassium feldspar, a low ratio with 
other potassium feldspar grains probably 
indicates that growth of one feldspar 
crystal prevents nucleation of a similar 
crystal in the neighborhood. This same 
explanation might also apply to the low 
plagioclase-plagioclase ratio, but it is 


Table 1. Geometric means of the ratio: 
percentage of contact length of mineral A 
in contact with mineral B/modal percent- 
age of mineral B. 


Mineral B 
Mineral Potas- 
spar 
Quartz 0.84 0.99 0.95 1.60 
Potassium 
feldspar 1.21 0.45 1.15 1.29 
' Plagioclase 1.04 1.06 0.72 1.63 
Biotite 1.09 0.66 0.81 1.20 
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also possible that early crystallization of 
plagioclase grains causes them to be iso- 
lated from each other by later forming 
minerals such as quartz and potassium 
feldspar. Quartz, however, does not seem 
to affect the development of neighboring 
grains, and it also appears that no min- 
eral affects the development of other 
mineral species (/). 

Joun J. W. Rocers 

Dav B. Bocy 

Department of Geology, 
Rice Institute, Houston, Texas 


Note 


1, This research was financed by the Harry Ca- 
rothers Wiess fund of the department of geol- 
ogy of Rice Institute. We thank John M. Whit- 
field for helping to assemble the collection 
studied. 


13 November 1957 


On the Presence of 
3-Hydroxytyramine in Brain 


The compound 3-hydroxytyramine has 
attracted interest as a probable interme- 
diate in the biosynthesis of noradrenaline 
and adrenaline and also as a possible 
neurohumoral agent. It has been shown 
to occur in the urine (/), in the adren- 
als (2,3), and in the heart (2) of sheep 
and in the splenic nerve of the ox (4). 
The study of this compound has been 
hampered by lack of sensitive and specific 
assay methods. Apart from bioassay tech- 
niques, only the fluorimetric ethylene- 
diamine condensation method of Weil- 
Malherbe and Bone (5) appears to be 
sufficiently sensitive for biological pur- 
poses. However, with this method the 
fluorescence spectra obtained from 3-hy- 
droxytyramine and adrenaline are almost 
identical (6). In the fluorimetric method 
of Euler and Floding (7), the fluores- 
cence obtained from 3-hydroxytyramine 
is very weak and amounts to only a few 
percent of that obtained from noradrena- 
line or adrenaline. 

Recently we observed, however, that 
if the pH of samples prepared essentially 
according to this method was adjusted 
to about 5 by means of acetic acid, a 
fairly strong fluorescence developed. Fur- 
thermore, the activation and fluorescence 
peaks (345 and 410 mu, respectively, as 
read in an Aminco-Bowman spectropho- 
tofluorimeter) were at much shorter 
wavelengths than those obtained from 
noradrenaline and adrenaline, so that 
these compounds did not interfere, even 
if they were present in comparably large 
amounts. 

Using this technique in combina- 
tion with ion-exchange chromatography 
(Dowex 50), we have started to investi- 
gate the 3-hydroxytyramine content of 
various tissues. We have thus found that 
3-hydroxytyramine is present in rabbit 
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iproniazid 


brain in an amount of about 0.4 ug/g, 
which is roughly equal to the amount of 
noradrenaline in this tissue. This may in- 
dicate that the function of 3-hydroxy- 
tyramine is not merely that of a precur- 
sor. The following criteria argue for the 
identity of the apparent 3-hydroxytyr- 
amine in brain with authentic 3-hydroxy- 
tyramine: (i) identical activation and 
fluorescence peaks, (ii) similar behavior 
on an ion-exchange column, and (iii) 
identical R, values on paper chromatog- 
raphy. 

Like noradrenaline (8), 3-hydroxy- 
tyramine is made to disappear almost 
completely from brain by intravenous 
injection of reserpine (5 mg/kg). On the 
other hand, the injection of the precursor 
3,4-dihydroxyphenylalanine (150 mg of 
the pt form per kilogram, intravenously ) 
caused a very marked increase in the 
3-hydroxytyramine content of the brain 
(to about 2 ug/g in less than 1 hour). 
This was accompanied by central exci- 
tation (9). Both these phenomena were 
markedly enhanced by pretreatment with 
(Marsilid). Simultaneous 
changes in the noradrenaline level of the 
brain were much less pronounced if pres- 
ent at all (/0). 

Arvip Cartsson, Mareir Linpgvist, 

Tor Macnusson, Bertit WALDECK 
Department of Pharmacology, 
University of Lund, Lund, Sweden 


References and Notes 


1. P. Holtz, K. Credner, G. Kroneberg, Arch. 
exptl. Pathol. Pharmakol. Naunyn-Schmiede- 
berg’s 204, 228 (1947); U. S. von Euler, U. 
Hamberg, S. Hellner, Biochem. J. 49, 655 
(1951). 

2. M. Goodall, Acta Physiol. Scand. Suppl. 24, 
42 (1951). 

3. D. M. Shepherd and G. B. West, J. Physiol. 
(London) 120, 15 (1953). 

4. H. J. Schiimann, Arch. expil. Pathol. Phar- 
makol. Naunyn-Schmiedeberg’s 227, 566 
(1956). 

5. H. Weil-Malherbe and A. Bone, Biochem. J. 
51, 311 (1952). 


Pharmakol. Naunyn-Schmiedeberg’s 
230, 470 (1957). 

7. U.S. von Euler and I. Floding, Acta Physiol. 
Scand. Suppl. 33, 45 (1955). 

8. A. Carlsson et al., in S. Garattini and V. 
Ghetti, Psychotropic Drugs (Amsterdam, 
1957). 

9. A. Carlsson, M. Lindqvist, T. Magnusson, 
Nature 180, 1200 (1957). 

10. A detailed discussion of these results is in 
preparation. 


4 November 1957 


Upper Atmosphere Densities 
from Minitrack Observations 
on Sputnik I 


The analysis of Minitrack (/) data 
on the first- U.S.S.R. satellite, 1957 
Alpha 2 (2) provides information on the 
density of the atmosphere (3) above the 
perigee altitude of 232 km. We find that 
the observed rate of change of period 
for Alpha 2 may be explained by a 
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Fig. 1. Curves a, b, and c represent density 
distributions adjusted for simultaneous 
agreement with the rocket measurements 
and the a2 data. The dashed curve is the 
ARDC model atmosphere. 


model atmosphere which is in agreement 
with recently obtained data on air den- 
sity and temperature at altitudes (4, 5) 
up to ~ 200 km and constitutes a rea- 
sonable extrapolation of these measure- 
ments to higher altitudes. With allow- 
ance for the estimated probable errors 
in the density at 200 km and for the 
uncertainty in the orbit elements and 
ballistic drag parameter of Alpha 2, the 
data still yield a relatively unambiguous 
determination of density up to 400 km. 

The determination of the density from 
the rate of change of the orbital period 
depends on the values of the ballistic 
drag parameter and the orbit constants 
of Alpha 2. The present calculations are 
based on a ballistic drag parameter of 
89+11 kg/m?, derived from U.S.S.R. 
announcements of mass and area (6). 
The relevant orbit elements were de- 
duced from Minitrack observations be- 
tween 14 and 25 October, and their 
average values for that interval are as 
follows: perigee altitude = 232+5 ).m; 
eccentricity = 0.047 + 0.004; latitude of 
perigee = 39° +6°; equatorial inclina- 
tion = 64.5° + 0.3°; rate of change of 
period = 0.045 + 0.003 min/day. 

Our results are shown in Fig. 1. The 
solid lines represent three model atmos- 
pheres (a, b, and ¢c) which agree with 
the rate of change of period of Alpha 2 
and also fall within the limits of proba- 
ble error in the rocket measurements of 
density up to 185 km. The data of Horo- 
witz and LaGow (4) are indicated by 
circles, and the data of Byram, Chubb, 
and Friedman (5) by a dotted line. The 
dashed curve is the atmosphere proposed 
by Mizner and Ripley (7). The spread 
in the solid curves above 275 km indi- 
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cates the uncertainty in the density at 
high altitudes corresponding to the prob- 
able errors in the rocket data for alti- 
tudes below 200 km. The separation be- 
tween the brackets at 275 km represents 
the additional uncertainty in the density 
when allowance is made for the quoted 
probable errors in the ballistic drag pa- 
rameter and perigee altitude. 

It is interesting to note that at 400 km 
the densities indicated by the present 
analysis are larger than those of the 
ARDC atmosphere (6) by a factor of 
approximately 40, and estimates of satel- 
lite lifetime are therefore reduced by the 
same factor for orbits with this perigee 
altitude. For example, a satellite with a 
mass of 10 kg and diameter of 50 cm, 
moving in an orbit with initial perigee 
and apogee altitudes of 400 km and 
1000 km, respectively, has a lifetime of 
~4 years in the ARDC atmosphere, 
versus 38 days in the present model (b). 

I. Harris 
R. JASTRow 
Nucleonics Division, U.S. Naval 
Research Laboratory, Washington, D.C. 
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Localization of Stretch 
Reflexes by Recurrent Inhibition 


Feedback discrimination between ac- 
tive cells, and hence between their func- 
tional fields, appears to be a general 
property of nervous systems. When a cell, 
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or group of cells, is activated, neighbor- 
ing cells are frequently inhibited, and 
contrast between active and inactive 
zones is thereby enhanced. Such interac- 
tion has been described in the eye of 
Limulus (1), the cat’s cochlea (2) and 
retina (3), the cat’s trapezoid body (4), 
and the afferent path to the cat’s somato- 
sensory cortex (5). It is the purpose of 
this report to show that the antidromic 
inhibition which results from spinal mo- 
toneuron activity (6) represents a simi- 
lar discr#ninatory mechanism; it creates 
a negative feedback that is instrumental 
to the localization of stretch reflexes and 
thus aids in the control of fine move- 
ment. 

Antidromic activation of motor nuclei 
inhibits monosynaptic reflexes of neigh- 
boring nuclei (6). During the period of 
inhibition a repetitive internuncial dis- 
charge occurs (7), but lack of anatomi- 
cal evidence dissuaded Renshaw (7) 
from linking the two phenomena caus- 
ally. As the time course of motoneuron 
aftercurrents is very similar to that of 
the inhibition, current between neigh- 
boring cells might be responsible for the 
inhibition (8). 

Recent work in which microelectrodes 
were utilized has provided strong evi- 
dence that the inhibition is mediated 
through the interneurons described by 
Renshaw, as a result of their having 
been activated cholinergically by recur- 
rent motor axon collaterals (9). To 
strengthen the chain of evidence, a com- 
parison has been made between the ac- 
tions of an anticholinergic drug on (i) 
the inhibition of neighboring motoneu- 
rons, (ii) the electrical signs of activity 
in Renshaw cells, and (iii) the anti- 
dromic electrotonus of motoneurons re- 
flecting current between them, as_re- 
corded on ventral roots. 

All preparations were immobilized by 
intravenous injections of Flaxedil. Figure 
1 shows that an intravenous injection of 
0.5 mg of dihydro-B-erythroidine (DHE) 
(10) per kilogram reduces in magnitude 
the inhibition exerted by an antidromic 
volley in one fraction of the first sacral 
ventral root upon a monosynaptic reflex 
elicted by stimulation of the correspond- 
ing dorsal root and recorded in the re- 
mainder of the ventral root. Coinciden- 
tally (Fig. 2B), DHE shortens the dur- 
ation of Renshaw cell discharge, as has 
been previously described (9). The small 
change in ventral root electrotonus (Fig. 
2A) does not exceed changes seen be- 
tween controls recorded at various times 
during the experiment. It is evident that 
DHE differentiates between antidromic 
inhibition and Renshaw cell discharge, 
on the one hand, and ventral root elec- 
trotonus on the other. 

Since the inhibitory system is acti- 
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Fig. 1. Antidromic inhibitory curve ob- 
tained in a decerebrate preparation. For 
procedure, see text. Circles show inhibition 
before, dots after, intravenous injection of 
DHE. Each point was determined from 20 
superimposed reflex responses. 


Fig. 2. Same experiment as illustrated in 
Fig. 1; (A) ventral root electrotonus, 
(B) Renshaw cell discharge, before and 
after injection of DHE. Diagrams show 
experimental arrangements. 
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Fig. 3. Decerebrate preparation. For pro- 
cedure see text. Graph shows, in arbitrary 
units, the effect of an intravenous injection 
of DHE on homonymous and heterony- 
mous responses. Each point represents the 
average size of reflexes superimposed dur- 
ing a 1-second exposure. 


SCIENCE, VOL. 127 


Bs 
° 
= 
10 msec. 1msec. 
4 
= 
x 
4 
— 


in 
nus, 
and 
now 


IL. 127 


vated by orthodromic as well as by anti- 
dromic impulses (7, //), it may be well 
to abandon the term antidromic inhibi- 
tion; recurrent inhibition is offered as a 
functionally more meaningful name. Be- 
cause the system generally inhibits neigh- 
boring motoneurons, it has been assigned 
a nonspecific anticonvulsant function 
(9). In the normal animal, however, re- 
current inhibition may play an impor- 
tant coordinating role. Monosynaptic re- 
flexes, that represent stretch reflexes, 
ordinarily are confined to the path of 
afferent origin (homonymous reflexes). 
However, if the motoneurons of syner- 
gists are sufficiently excited, they may 
also be discharged (heteronymous re- 
flexes). If the inhibitory system nor- 
mally is a factor in restricting the field 
of stretch reflex action, then a reduction 
in the inhibition, as by the action of 
DHE, should result in an increase in 
heteronymous reflex transmission. To 
test this supposition, monosynaptic re- 
flex discharges were elicited, before and 
after injection of DHE, by repetitive 
stimulation at frequencies of 50 to 200 
per second. These frequencies were 
chosen because high-frequency stimula- 
tion is a convenient means for securing 
heteronymous reflex discharge (12) and 
because each response of the series will 
normally fall into the period of inhibi- 
tion caused by its predecessor. Figure 3, 
taken from an experiment that is repre- 
sentative of many carried out with vari- 
ous flexor or extensor nuclei in spinal 
or decerebrate cats, shows a plot of the 
amplitudes of homonymous and heteron- 
ymous reflexes elicited in, and recorded 
from, the peripherally cut lateral and 
medial branches of the gastrocnemius 
nerves in a decerebrate cat. Administra- 
tion of 1 mg of DHE per kilogram in- 
creased heteronymous, but not homon- 
ymous, reflexes. This discrimination re- 
quires no special distribution of Ren- 
shaw cells but, instead, follows from the 
fact that heteronymous reflexes usually 
are smaller than homonymous ones; an 
equal amount of inhibition exerted on 
both types would depress the smaller 
ones more. This discrimination varies 
from one experimental situation to an- 
other. In some experiments injection of 
DHE increased not only heteronymous 
reflexes but also homonymous ones. In 
several tests it was possible to evoke 
heteronymous reflexes after injection of 
DHE when they had been absent before. 
It is concluded from the evidence de- 

scribed above that the recurrent inhibi- 
tory system tends to confine stretch re- 
flexes to their paths of afferent origin. 

V. B. Brooks 

V. J. Witson 
Rockefeller Institute for Medical 
Research, New York 
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15 October 1957 


Occurrence of Unequal Amounts of 
Free Methionine in Male and 
Female Drosophila melanogaster 


An investigation by means of two-di- 
mensional paper ‘chromatography (1) of 
the free amino acids occurring in Dro- 
sophila melanogaster has revealed that 
wild-type females contain twice the 
amount of free methionine found in 
males. In previous chromatographic 
studies of the free amino acids of Dro- 
sophila (2-5), only one qualitative dif- 
ference in the sexes has been reported— 
the occurrence exclusively in males of 
an unidentified substance presumed to 
be a peptide (3). Quantitative differ- 
ences among amino acids have been 
cited but not documented (4). In the 
study discussed in this report, the dif- 
ference in methionine content was con- 
firmed by microbiological assay. In ad- 
dition, the identification of this sub- 
stance was made, and proof of its ho- 
mogeneity was established, by isolation 
and chromatographic study of a dinitro- 
phenyl derivative. 

In the original chromatographic stud- 
ies, whole flies were extracted with 
ethanol and the extracts were evapo- 
rated to dryness and redissolved in satu- 
rated picric acid to yield a protein-free 
solution. Chromatograms were devel- 
oped, phenol-ammonia-water being used 
in the first direction, and lutidine-water 
in the second direction. Prior to develop- 
ment, the spotted samples were treated 
with ammonium molybdate and hydro- 
gen peroxide. 

This procedure converts essentially all 
the methionine in the extract to methio- 
nine sulfone, in which form it migrates 
as a distinct spot well separated from 
valine and alanine. The presence of Nin- 
hydrin-reactive material at this position, 
as a result of the oxidation procedure, 
associated with a corresponding decline 
in amount of material at the position 
normally occupied by methionine, greatly 


facilitated the identification of the latter 
substance. In five different wild-type 
stocks, visual examination of chromato- 
grams indicated the occurrence of twice 
as much methionine sulfone (and there- 
fore of methionine) in females as in 
males. 

To make sure that the larger amount 
of material at the methionine sulfone po- 
sition in chromatograms of extracts of fe- 
males was attributable solely to the pres- 
ence of a higher level of this substance, 
the material was isolated and identified. 
Two-dimensional chromatograms of ex- 
tracts of females were prepared in the 
usual way but were heated without spray- 
ing with Ninhydrin. The amino acids 
could then be seen as fluorescent spots 
when viewed under ultraviolet light. 

The material in the methionine sul- 
fone position was cut out and eluted 
with water, and a dinitrophenyl deriva- 
tive was prepared. Chromatography of 
the reaction product in four solvents re- 
vealed the existence of a single substance 
whose R, corresponded in each case with 
that of authentic dinitrophenyl methio- 
nine sulfone. This showed that the iso- 
lated material was methionine sulfone, 
and that the larger amount of material 
observed at the methionine sulfone posi- 
tion in chromatograms of extracts of fe- 
males must be due entirely to the pres- 
ence of a larger amount of this sub- 
stance. It should be clearly recognized 
that the material present in the original 
extracts of flies is free methionine. 

A bacterial assay was made in an 
effort to secure independent evidence 
that levels of free methionine differ with 
sex. For this purpose, tungstic acid fil- 
trates of frozen flies were prepared by 
adaptation of methods previously de- 
scribed (6). The extracts were assayed 
in accordance with standard microbio- 
logical procedures (7) in which Leuco- 
nostoc mesenteroides P-60 and a com- 
pletely synthetic methionine-free medium 
(8) were used. The amounts of free 
methionine found in extracts of wild- 
type male and female flies are shown in 
Table 1. Two experiments were per- 


Table 1. Free methionine content of pro- 
tein-free extracts of Drosophila melano- 
gaster. 


Expt. Male Female 
No. Batch (ug/g*) (we/g*) 
1 1 200 475 
1 2 190 420 
1 3 360 430 
Av. 250 442 
2 1 300 585 
2 2 305 610 
Av. 303 598 
* Wet weight. 
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formed, in each of which 2- to 3-day- 
old flies were collected .as separate 
batches representing successive hatchings 
from a set of culture bottles. In both ex- 
periments extracts of females were found 
to contain twice the amount of methio- 
nine detected in extracts of males, With 
one exception the amounts found in the 
separate batches of a single experiment 
were relatively constant for each sex. 
However, the amounts of methionine 
found in the second experiment were 
higher in both sexes. The amounts of 
free methionine found are among the 
highest so far reported to have been 
found in an animal tissue (9). Separate 
studies have eliminated the possibility 
that the difference in males and femalcs 
is attributable to the contents of the gut. 
The possibility that males and females 
have a differential ability to metabolize 
methionine is now under investigation. 
D, Kaptan 
JosepH T. 
Benjamin HocHMAN* 
Departments of Genetics and 
Biochemistry, Medical Research 
Institute, City of Hope Medical 
Center, Duarte, California 
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Elution of 3,4-Benzpyrene and 
Related Hydrocarbons from 
Soots by Plasma Proteins 


The carcinogenic polycyclic aromatic 
hydrocarbon, 3,4-benzpyrene, has been 
identified as a constituent of soot. Its 
action in inducing skin cancers has been 
explained on the basis of the lipid sol- 
vent action of sebaceous secretions in 
eluting 3,4-benzpyrene from soot par- 
ticles. Renewed interest in the carcino- 
genic properties of soot has followed the 
epidemiologic observation that the risk 
of development of lung cancer is greater 
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Table 1. Percentage recovery of polycyclic aromatic hydrocarbons from 500 mp soot and 
plasma after incubation of various durations; ¢t trace; p, present. 


1.5 hours 16 hours 86 hours 1€2 hours 
Saline 
of soot) Soot ae Total Soot yo Total Soot si Total Soot pig Toa 
Pryrene (8.’) 9 81 95 9. 150, 6 61 67 100 
T luoranthene 
(1.0) t =~ 100 p p 100 
Compound X 
(2S) 0 100 100 t 93 0 p 0 39 39 100 
1,°-Benzpyrene 
(2S) t 52 17 41 58 Os 42a 21 t 21 100 
3,4-Ben-pyrene 
(1.7) 18 82 100 41 59 100 6 23 29 18 18 36 100 
1,12-Benzpery- 
lene (9.2) 31 66 97 67 33 100 5 15 20 11 13 24 100 
Anthanthrene 
(2.4) 25 54 79 54 33 87 t 17 13 13 26 100 
Coronene (10.0) 40 36 26 92 12 8 20 15 100 


among urban residents than among rural 
residents. Any description of the role 
soot may possess in the pathogenesis of 
human lung cancer must include an ex- 
planation for its biological activity in 
the lung. 

In an earlier study we demonstrated 
that the carcinogenic hydrocarbon, 3,4- 
benzpyrene, which is routinely demon- 
strably adsorbed on soot, is absent in 
soot-laden human lungs (/). The mor- 
phologic demonstration of the intracellu- 
lar entry of soot particles of appropriate 
size made it advisable to determine the 
effect of cellular and plasma proteins on 
the elution of benzpyrene from soot. 

Eoots of two representative sizes were 
studied in vitro for quantitative hydro- 
carbon determinations. One soot, of an 
average particle size of 80 mp, was 
freed of essentially all polycyclic aro- 
matic hydrocarbons by appropriate ex- 
traction methods and enriched by the 
adsorption of 3,4-benzpyrene onto the 
particles in a ratio of 1 ug of 3,4-benz- 
pyrene to 1 mg of soot. The second: soot 
was a commercial carbon black with an 
average particle size of 500 mu. In their 
natural state these large particles con- 
tain a number of adsorbed polycyclic 
hydrocarbons. 

The soots of the two sizes were han- 
dled in essentially the same manner. 
Ten-milligram samples of the enriched 
soot and 50- and 100-mg samples of the 
large-sized soot were placed in contact 
with an aqueous test medium consisting 
of 25 or 50 ml of sterile human plasma 
and were incubated at 37°C. The solu- 
tions were shaken constantly for 90 min- 
utes in the 1.5- and 16-hour experiments 
and for 5-minute intervals to a total of 
60 minutes of shaking in the remaining 
experiments. Incubation periods varied 
from 3 hours to 8 days. After exposure 
of the soot to the test medium, centrifu- 
gation or filtration was used to separate 
the soot from plasma. Three or four ex- 
tractions with hot acetone were necessary 
for the removal of the adsorbed hydro- 
carbons from the soot. 


Although separation of the enriched 
small-sized soot from plasma was labor- 
ious, analysis for kut a single carcino- 
genic hydrocarbon made the procedure 
relatively simple. In marked contrast, 
separation of large-sized soot from 
plasma was readily accomplished; how- 
ever, analysis was more complicated be- 
cause of the presence of several poly- 
cyclic aromatic hydrocarbons, In all in- 
stances, chromatography on a short col- 
umn of activated alumina was necessary 
before accurate qantitation was possible. 

Analysis for 3,4-benzpyrene was cat- 
ried out with a Beckman DK-2 spectro- 
photometer. Fluorescence spectroscopy 
was used for the differentiation of 3,4- 
benzpyrene and 1,12-benzperylene. The 
plasma phase was similarly extracted, 
with ether as the solvent, and 3,4-benz- 
pyrene quantitation was undertaken by 
the chromatographic and spectrophoto- 
metric methods described above. Con- 
trol experiments were identical to the 
test ones except for the substitution of 
saline as the medium in the former. 

After exposure to plasma proteins, the 
3,4-benzpyrene remaining on the small- 
particle soot decreased slowly. After 3 
days of incubation, 60 percent of the 
benzpyrene remained on the soot; and 
after 8 days, the quantity of 3,4-benz- 
pyrene present dropped to 35 percent. 

The elution pattern of the various 
aromatic polycyclic hydrocarbons from 
the large-sized carbon black (500 mp) 
by plasma could: readily be determined. 
Both the amounts eluted by plasma and 
the amounts retained on soot for the poly- 
cyclic aromatic hydrocarbons studied are 
shown in Table 1. Of the eight hydro- 
carbon compounds detected by the spec- 
trophotometric technique, the following 
were found to. be readily extracted by 
plasma: pyrene, fluoranthene, compound 
X, and 1,2-benzpyrene. The remaining 
identified polycyclic aromatic hydro- 
carbons in soot—3,4-benzpyrene, 1,12- 
benzperylene, anthanthrene, and coro- 

~ nene—were eluted at a lesser rate. Com- 
plete retention of 3,4-benzpyrene on the 
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soot particles was noted in the control 
experiments when saline was substituted 
for plasma. 

In the course of incubations carried 
out for periods of from 3 to 192 hours, 
it was demonstrated that the degree of 
elution of polycyclic aromatic hydrocar- 
bons from soot by plasma paralleled the 
elution of these compounds by nonpolar 
solvents (petroleum ether and ether) 
from activated alumina. 

The carcinogenic implications of the 
elution of 3,4-benzpyrene from soot by 
plasma proteins warrant review. In ur- 
ban air, pollutants have been shown to 
inhibit ciliary action so that abnormal 
deposition and retention of soot particles 
occur. Phagocytosis of soot particles oc- 
curs, and the elution of benzpyrene from 
the soot by the intracellular proteins re- 
sults in abnormally high local concen- 
tration of desorbed polycyclic aromatic 
hydrocarbons, including 3,4-benzpyrene. 
An environment favorable to the biolog- 
ical activity of the carcinogenic hydro- 
carbons results. 

Hans L. 

ADELE MILLER 

Pau Kotin 

Departments of Pathology and 
Biochemistry, University of Southern 
California School of Medicine, Los 
Angeles, and Department of Pathology, 
Los Angeles County General Hospital 
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23 October 1957 


Tests for Digestion of Algal 
Polysaccharides by Some 
Marine Herbivores 


Although algae form the primary diet 
of many marine animals and digestion 
of some components of algae in the gut 
is apparent from an examination of the 
changes undergone during passage in the 
gut, it is of interest to know whether the 
enzymes of the gut, or of the glands at- 
tached to it, digest the algal constitu- 
ents. Purification of some of the algal 
carbohydrates (/) has made it possible 
to study digestion of these substances by 
extracts of the gut wall. The gut ex- 
tracts of three herbivorous forms in 
Monterey Bay were therefore tested for 
their ability to digest several algal car- 
bohydrates. 

In each case the gut, thoroughly 
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washed with sterile sea water, was 
ground with sand in chilled buffer at a 
pH equivalent to that found in the gut 
as well as at pH values slightly to either 
side of it. After incubation of the extract 
and carbohydrate (under toluene) for a 
period of time which varied from 4 or 5 
hours to 1 day, the quantity of reduc- 
ing sugar released during digestion was 
tested by the Somogyi method (2). In 
all cases the blank, consisting of the sum 
of the reducing sugar of gut extract in 
buffer and of a mixture of the test car- 
bohydrate in buffer, was subtracted from 
the reducing sugar found in the mixture 
of carbohydrate, extract, and buffer in 
which digestion was occurring. Because 
the rate of digestion is affected by tem- 
perature, preliminary tests were made 
to ascertain the optimal conditions for 
digestion when digestion of a substance 
occurred readily, and the same condi- 
tions were then provided in other cases. 

Intestinal extract of the purple sea 
urchin, Strongylocentrotus purpuratus, 
proved incapable of digesting laminarin 
and fucoidin, although previous experi- 
ments (3) indicated its ability to digest 
iridophycin. A bacterial suspension from 
the gut of the urchin, however, digests 
the entire algae and their various con- 
stituents. 

Puggetia producta, the kelp crab, 
while apparently omnivorous, eats algae 
in aquaria, when starved. Tests with ex- 
tracts of its digestive gland showed it to 
have a potent amylase which quickly 
digests starch and glycogen but has no 
action on laminarin, fucoidin, agar agar, 
carragheenin, and a Gigartina polysac- 
charide. Failure to find positive results 
in these cases might have been due to 
improperly designed experiments, but 
the positive results obtained with Cryp- 
tochiton extracts on some of these poly- 
saccharides, when similar techniques 
were used, makes it seem probable that 
the crab does not digest these constitu- 
ents by virtue of its own enzymes if, in- 
deed, these constituents are digested in 
its gut at all. 

In the giant chiton, Cryptochiton 
stelleri, the digestive tract extract was 
found to have a very active amylase 
which readily digests starch and glyco- 
gen (pH 5.8 for the “stomach” extract 
and pH 6.8 for extract of the intestine). 
Tests showed that the chiton stomach ex- 
tract digested the algal polysaccharides 
laminarin and fucoidin and that the ex- 
tract of the intestine affected the first 
but not the second; digestion proceeded 


at a reasonable rate, comparable to that 
for digestion of starch and glycogen in 
some cases, somewhat more slowly in 
others. Since the action of the intestinal 
extract was less marked, tests with it 
were discontinued. However, the extracts 
of stomach were ineffective on cellulose, 
agar agar, iridophycin, carragheenin, and 
sodium alginate. 

It is therefore possible that many of 
the algal constituents are not digested 
by herbivores and are passed out as part 
of the “roughage” of the diet. Certainly, 
when some marine herbivores are abun- 
dantly supplied with food in aquaria, 
they pass feces which contain many por- 
tions of ingested algae still colored and 
intact (3). They may therefore be able 
to use only the more readily available 
materials such as protein and floridean 
starch (in red algae), which are present 
in small amounts, necessitating intake of 
a large bulk of algae. However, young 
growing tips of algae contain a large 
percentage of proteins (4), and after 
feeding of proteins to some marine 
forms, the content of nonprotein nitro- 
gen in their body fluid rises markedly 
(3, 5). On the other hand, it is also 
possible that bacteria in the gut of many 
marine herbivores digest constituents of 
the algae which the herbivore is unable 
to digest. While microbes capable of 
digesting various algal polysaccharides 
can be isolated from the gut and are 
sometimes present in large numbers (3, 
6), they may occur as contaminants, and 
it is difficult to be certain that they per- 
form this role. Even bacteria in the ver- 
tebrate rumen are able to digest some 
algal polysaccharides (7). 

Heten Huanc 
ArtTHuR C. Giese 
Department of Biological Sciences, 
Stanford University, 
Stanford, California 
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Book Reviews 


The Economics of Nuclear Power. In- 
cluding administration and law. Series 
VIII of Progress in Nuclear Energy. 
J. Gueron, J. A. Lane, I. R. Maxwell, 
and J. R. Menke, Eds. McGraw-Hill, 
New York; Pergamon, London, 1957. 
513 pp. Illus. $17. 


The International Conference on the 
Peaceful Uses of Atomic Energy, held 
at Geneva in August 1955, is unparal- 
leled in the history of scientific confer- 
ences. It is unlikely that there can be a 
comparable conference in the foreseeable 
future; even the 1958 sequel which is 
now being planned is not likely to be 
of such significance. This conference 
marked the reopening of scientific com- 
munication in an area which had been 
largely classified for over a decade. The 
information collected and presented for 
the conference provides a base point for 
following and participating in future de- 
velopments in the field of nuclear energy. 

The series of publications entitled 
Progress in Nuclear Energy is based 
largely on the Geneva conference. The 
series has the benefit of an impressive 
editorial staff, representing leading fig- 
ures in the field of nuclear energy 
throughout the world. The book Eco- 
nomics of Nuclear Power is the eighth 
volume in this series. Its contents actu- 
ally are somewhat broader than the title 
may suggest. The book is divided into 
five chapters with selected papers on 
each of the subjects: “Needs and Re- 
sources,” “Nuclear Power Economics,” 
“Nuclear Fuel Cycles,” “Reactor Pro- 
grammes and Reactor Economic Data,” 
and “Administration and Law.” 

The papers selected for each of the 
chapters listed above are selected pri- 
marily from those prepared for the 
Geneva conference. On the other hand, 
the editorial job was not merely one of 
selecting papers, nor are the papers se- 
lected strictly limited to those presented 
at Geneva. The book contains composite 
analyses of world-wide data on world 
energy requirements, taken from various 
sources, and of post-Geneva nuclear 
power economic data, The editors, in 
their selection of papers and in their 
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preparation of special material, have 
tried to give perspective to a subject 
which is relatively new and which pre- 
sents many problems that are as yet un- 
solved. 

While the field of nuclear energy is 
developing rapidly and there is little ex- 
perience on which to base judgments on 
the economics of nuclear power, the 
book must be considered as being of 
much more than historical significance. 
It is a useful reference book on the world 
energy situation and on the crucial tech- 
nical and legal problems which must be 
solved in order for nuclear energy to be- 
come an important economic force. 

The organization of material provides 
a continuity which is better than might 
be expected in a book composed of se- 
lected individual papers which were not 
written for continuity. There is unfolded 
a story of the importance of energy to 
man’s industrial growth and improved 
standard of living, with an appraisal of 
energy resources which indicates that 
many countries already have inadequate 
resources of fossil fuels or hydro potential 
and many others look to a future within 
the next few decades in which new 
energy resources must be tapped. It is 
reassuring in this situation to learn that 
nuclear energy resources—uranium and 
thorium—already are known to be ade- 
quate to provide a basis for continued 
industrial expansion. This adequacy in 
terms of tons of raw material and po- 
tential energy content of that material 
is significant only if supported by suit- 
able technological and. economic pros- 
pects for utilization of the energy. The 
promising nuclear fuel cycles—involving 
both uranium and thorium raw mate- 
rials—are well described in papers 
which reflect honest differences of 
opinion and different local circum- 
stances. These differences in opinion and 
circumstances are also reflected in the 
summaries of reactor programs and re- 
actor economic data. 

One factor weakens the book in its 
endeavor to provide factual answers to 
the questions raised by its title but, at 
the same time, introduces a certain mys- 
tery which adds to the interest of those 
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who are inclined to project into the 
future: authors of the selected papers 
and editors of the book were faced with 
total absence of operational experience 
in nuclear power plants designed specifi- 
cally to optimize nuclear power econom- 
ics. Nevertheless, there prevails an op- 
timistic attitude that such plants, when 
built and operated, will become eco- 
nomically competitive and will provide 
a justification for rapid expansion in the 
nuclear power industry. 

This projection of an expanding nu- 
clear power industry clearly shows the 
importance of paying immediate atten- 
tion to the administrative and legal 
aspects of nuclear energy. These admin- 
istrative and legal problems are unique 
and complex as a result of the military 
importance of special nuclear materials 
and of the long-term potential hazards 
of the radioactive materials involved in 
the production of nuclear energy. The 
chapter on administration and law 
clearly identifies the problem areas and 
summarizes experience pertinent to their 
solution. One is left with the realization 
that there is much which remains to be 
done, not only in the development of 
technology for economic nuclear power 
but also in the education of the public 
and in the adaptation of national and 
international law to the new problems 
which its utilization imposes. 

The fact that the book consists of a 
collection of individual papers has both 
advantages and disadvantages. Individ- 
ual articles of special interest at a par- 
ticular time can be singled out without 
concern about dependence upon previous 
articles. In this sense the book is a ref- 
erence document which should be useful 
for some time to come. The fact that 
different attitudes of different authors 
from different countries are included 
also provides a good basis for the read- 
er’s own evaluation of what the future 
holds. On the other hand, the fact that 
the book relies almost entirely on the 
selection of articles for reproduction 
makes for a certain amount of unbalance 
in overemphasis of some situations and 
duplication of certain thoughts in several 
different articles. 

The editors have done a commend- 
able job in their selection of papers and 
in supplementing them with special com- 
mentary. The reader should be warned, 
however, that the principal subject of 
economics of nuclear power is one 
which requires continuing reappraisal 
and updating. With that word of caution, 
the book is recommended as a valuable 
addition to the library of anyone active 
in the energy field and interested in the 
possible role of nuclear energy in the 


U. STAEBLER 
U.S. Atomic Energy Commission 
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1001 Questions Answered About the 
Weather. Frank H. Forrester. Dodd, 
Mead, New York, 1957. 419 pp. 
Illus. + plates. $6. 


This is an unusual book written in 
question-and-answer form. The 1235 
items are organized in 12 chapters, 
which deal with the sun, the air-con- 
ditioned earth, thunderstorms, color in 
the sky, climates, applications, medical 
meteorology, weather lore, the weather 
services, history of weather studies, and 
how to be weather-wise. 

The author appears to have engaged 
in an orgy of questions and answers and 
to have come out with a peculiar mix- 
ture of good and bad. For example, one 
is surprised to read, “What is humi- 
ture?” and relieved to find that it is “a 
nonscientific term” which indicates “the 
mean between temperature hu- 
midity.” There are many other ques- 
tions and answers on this level. 

The style is admirably calculated to 
catch the eye of the reader, but the 


reader, if he has any background at- 


all, will catch the author in a number 
of inaccuracies, oversimplifications, and 
sweeping statements. 

Certain sections, particularly those 
which deal with instruments and obser- 
vations, everyday weather, and climate, 
contain much information of interest to 
laymen. The most pleasing part of the 
book is the chapter on the history of 
weather studies, Here the reader is taken 
from antiquity to the International Geo- 
physical Year and reminded of many 
historical dates which are often lost in 
the rushed tempo of modern teaching. 

It has been difficult to determine 
what audience the author had in mind. 
The book is dedicated to “Michael, who 
is too young to ask questions.” In the 
foreword, written by Ernest J. Christie, 
it says that the book will be valuable in 
libraries, schools, and places of business 
and will be a useful reference for ama- 
teurs and professionals alike. Perhaps 
one may assume that the author knows 
best. Few will wish to read the whole 
book, but many will like to browse 
through parts of it. 

SvERRE PETTERSSEN 
University of Chicago 


Edward Williams Morley. His influence 
on science in America. Howard R. 
Williams. Chemical Education Pub- 
lishing Company, Easton, Pa., 1957. 
xi + 282 pp. Plates. 


To the many who refer glibly to the 
Michelson-Morley experiment, the sec- 
ond name in the couplet has almost no 
association with a human being. How- 
ard R. Williams has not only brought 
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the man, Edward Williams Morley 
(1838-1923), out from behind the tag, 
but he has also discovered and thereby 
undoubtedly preserved a large body of 
manuscripts concerning him. One need 
not go all the way with Williams in con- 
sidering Morley “the greatest chemist 
and pure scientist of his time” to see in 
this account a progression which has 
wide implications concerning the state 
of science in America in the last half of 
the 19th century. 

From ministerial student to secon- 
dary-school teacher, to college preacher 
and professor of all scientific work at 
Western Reserve University, to self-edu- 
cated chemist and industrial consultant, 
Morley, by the 1880’s, steadily moved 
toward basic research. His determina- 
tion of the atomic weight of oxygen was 
his magnum opus. If Williams is less en- 
thusiastic about the obstacles and missed 
opportunities in Morley’s career, he 
nevertheless shows them clearly. Mor- 
ley’s years of work on the analysis of air 
missed the inert gases. His collaboration 
with Michelson ended abruptly and left 
a sense of strain. The university thought- 
lessly allowed his oxygen apparatus to 
be broken up while he was in Europe. 

Because of the importance of the ex- 
periment, a more detailed assessment of 
Morley’s contribution to the work with 
Michelson would be welcome. But Wil- 
liams has well performed the rescue from 
oblivion of Edward W. Morley. 

A. Hunter Dupree 
University of California, Berkeley 


Schedules of Reinforcement. C. B. Fers- 
ter and B. F. Skinner. Appleton-Cen- 
tury-Crofts, New York, 1957. vii+ 
741 pp. $6.50. 


A “schedule of reinforcement” might 
be described as an experimenter’s strat- 
egy, prescribing exactly how the admin- 
istration of reinforcing stimuli, usually 
food or water, to an animal depends 
upon the animal’s behavior over a 
period of time. Combining extraordi- 
nary ingenuity - with apparently limit- 
less resources in the way of electrical 
programming devices, Ferster and Skin- 
ner have devised means of duplicating 
in the laboratory virtually any kind of 
response-reinforcement contingency that 
one might expect to find in an animal’s 
natural environment, and probably some 
that unautomatized nature has yet to try. 

The microcosm upon which these in- 
vestigators have imposed their schedules 
is a modified picnic icebox containing a 
pigeon and a food-dispensing machine. 
Whenever it pecks a lighted key on the 
wall of the box, the pigeon operates an 
automatic recorder and, upon occasion, 
the food-dispenser. Five years of inten- 


sive research have been devoted to ob- 
taining a detailed description of the 
process whereby the pigeon adjusts its 
rate of key-pecking to prevailing sched-. 
ules of reinforcement. 

This description is transmitted to the 
reader, just as it comes from the pigeon, 
in the form of graphs representing cumu- 
lative responses versus time for individ- 
ual animals. Even to the untrained eye 
these graphs will spell out some striking 
facts. An abundance of direct and un- 
equivocal evidence establishes the fact 
that the pigeon can learn discriminations 
based on “clocks” (that is, stimuli that 
vary systematically with time) and on 
“counters” (stimuli that vary systemati- 
cally with cumulative frequency of the 
pigeon’s own responses over any desig- 
nated interval). From these facts it is 
but a short inferential step to the con- 
clusion that variations in rate of re- 
sponding under various schedules are 
attributable to discriminative control of 
the response by temporal patterns of re- 
sponse-produced stimulation. 

To psychologists this monograph will 
represent not simply a research report 
but also a tour de force in Skinner's 
long-standing campaign against some 
of the most deeply entrenched canons of 
experimental method and theory con- 
struction. It presents, in some 900-odd 
figures, perhaps 5 percent of the stag- 
gering quantity of raw data collected 
during the project; it reports scores of 
experiments, and it reveals the delicate 
and precise control that one may obtain 
over an animal’s behavior, given suffi- 
ciently complete command of the ani- 
mal’s environment. But it includes no 
mention whatever of systematic criteria 
for sampling, no formal experimental 
designs, no measurement of error, no 
logical deductions from hypotheses, no 
statistical tests, no summarization of the 
fruits of experiment in the form of ab- 
stract laws or conceptual models. 

By comparing the present volume 
with, say, C. L. Hull’s Essentials of Be- 
havior, one can see clearly the conse- 
quences of following either the extreme 
“intuitionist” or the extreme “formalist” 
in his approach to a science of be- 
havior. 

W. K. Estes 


Indiana University 


Light Scattering by Small Particles. 
H. C. Van de Hulst. Wiley, New 
York; Chapman & Hall, London, 
1957. xiii+470 pp. Illus. $12. 


The book is divided into three main 
parts. Part I is devoted to “Basic Scat- 
tering Theory,” part II to “Special Cases 
of Particles,” and part III to “Applica- 
tions.” The first two parts are very com- 
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plete and occupy 380 pages of a total 
of 453 pages. The last part is relatively 
short and, in the words of the author, 
“is meant to give only typical examples 
of practical problems in which the pre- 
ceding theories have proved important.” 
The three domains from which such ex- 
amples are chosen are chemistry, meteor- 
ology, and astronomy. References to im- 
portant literature are distributed lavishly 
throughout the book; it closes with a 
5-pxge index of names and an 11-page 
subject index. 

Characteristic of the book is the fact 
that the subject of light-scattering is 
treated exclusively from the “particle” 
point of view. This means that the dis- 
cussion is deliberately limited to cases 
in which the scattering can be considered 
as a superposition of radiations emerging 
without interdependence from separate 
particles, whereas cases like the scatter- 
ing by an inhomogeneous medium with 
local fluctuations of its optical properties 
are omitted from the discussion. 

Within the range defined by these re- 
strictions the treatment is excellent. In 
part I everything is said which is neces- 
sary to characterize the scattered light 
in the most general way. This will be 
evident from the titles of the two last 
chapters in this part: “Wave propaga- 
tion in a medium containing scatterers” 
and “Polarized light and symmetry rela- 
tions.” Specifically, it is shown in this 
part how any scattering problem can be 
solved if the four components of a four- 
component matrix are known for each 
individual particle with a particular ori- 
entation in space. Part II, which occu- 
pies the main portion of the book, shows, 
for special types of particles, how to find 
these components and the simplifications 
which are possible in many cases. Here 
special attention is devoted to particles 
that are either very small or very large 
by comparison with the wavelength of 
the light. The classical case of spherical 
particles, in which a rigorous calcula- 
tion (G. Mie) is possible for any ratio 
of the diameter to the wavelength and 
for any optical constants of the material 
of the sphere, is treated extensively. As 
a special case, a whole chapter is de- 
voted to the “optics of a raindrop” and 
the theory of the rainbow. Part II closes 
with two chapters treating “Particles of 
other forms” and “Edge phenomena and 
surfice waves.” 

In summary, this is a book which can 
be highly recommended to anyone who 
wishes to be informed about all the de- 
tails and the sometimes surprising im- 
plications of the disturbing effects 
which particles have on the propagation 
of light. It is a book which is not always 
easy to read, but the effort involved in 
doing so is highly rewarded. 

Peter P. DeByr 
Raytheon Manufacturing Company 
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The Terpenes. The triterpenes and their 
derivatives. vol. IV, Hydrocarbons, 
Alcohols, Hydroxy-aldehydes, Ketones 
and Hydroxy-ketones. The late Sir 
John Simonsen and W. C. J. Ross. 
Cambridge University Press, New 
York, 1957. ix+524 pp. 
$13.50. 


Progress in the elucidation of the 
structures of the triterpenoids has oc- 
curred mainly in the last 20 years and 
culminated recently in establish- 
ment of the biosynthetic link between the 
triterpenes and the steroids. This volume 
by Simonsen and Ross represents a col- 
lection and critical survey of an already 
large and rapidly ‘expanding literature. 
It would be welcome in any event but 
is the more so since the authors have 
been able to include the most recent ad- 
vances in the understanding of the bio- 
synthesis and stereochemistry of the tri- 
terpenes and closely related sterols. 

The organization of the new volume 
follows that of its predecessors in the 
series, commencing with a brief descrip- 
tion of the broad structural features of 
the triterpenes and progressing from the 
hydrocarbons to alcohols and polyfunc- 
tional triterpenes. Each compound is dis- 
cussed within the classical framework of 
source, proof of structure, and chemical 
reactivity. Extensive use is made of in- 
frared and ultraviolet absorption spectral 
data in support of the structure assign- 
ment, so that the work contains a wealth 
of valuable, general information of this 
sort. 

Large as is the catalogue of triterpenes 
of established structure, the authors’ 
listing of an almost equal number of 
compounds of unknown constitution 
gives promise of continuing activity in 
meeting the challenges presented by 
structure variations within the triter- 
penoid framework, 

The large size of triterpene molecules 
has forced the extensive use of outline 
formulas in this most recent volume of 
the series. Most organic chemists will 
welcome this departure from earlier 
practice. However, some will take of- 
fense, and others may even be confused 
somewhat by the apparent disregard 
shown by the authors in this case for the 
beautiful geometric regularities of hexa- 
gons and pentagons. 

The acknowledged interest and con- 
tributions of outstanding English chem- 
ists in the preparation of the volume 
gives assurance that the consistent effort 
to organize the literature on the terpenes 
which has been so successful in the hands 
of Sir John Simonsen will not cease with 
his death. 

Ricuarp H, EastMAN 
Stanford University 


New Books 


Thrombelastography. Pietro de Nicola, 
Chauncey Leake, Ed. Thomas, Spring- 
field, Ill., 1957. 120 pp. $5.50. 

Elements of Modern Abstract Algebra. 
Kenneth S. Miller. Harper, New York, 
1958. 196 pp. $5. 

Economic Analysis and Policy in Under- 
developed Countries. P. T. Bauer. Com- 
monwealth-Studies Center, Duke Univer- 
sity Press, Durham, N.C. Cambridge Uni- 
versity Press, London, 1957. 158 pp. $3. 

The Spectrum of Atomic Hydrogen. 
G. W. Series. Oxford University Press, 
New York, 1957. 87 pp. Paper, $2. 

Ordinary Difference-Differential Equa- 
tions. Edmund Pinney. University of Cali- 
fornia Press, Berkeley, 1958. 274 pp. $5. 

Archeological Investigations at the 
Mouth of the Amazon. Bulletin 167, Bu- 
reau of American Ethnology. Betty J. 
Meggers and Clifford Evans. Smithsonian 
Institution, Washington, 1957. 692 pp. 

Finding Fossil Man. Robin Place. Philo- 
sophical Library, New York, 1957. 126 pp. 
$7.50. 

An Introduction to Scale Coordinate 
Physics. An introduction to the formaliza- 
tion of the macro operational point of 
view. William Bender. Burgess, Minneap- 
olis 15, 1958. 349 pp. 

Louis Pasteur. A great life in brief. Pas- 
teur Vallery-Radot. Knopf, New York, 
1958. 212 pp. $3. 

The Beetles of the Pacific Northwest. 
pt. II, Staphyliniformia. Publ. in Biology 
No. 16. Melville H. Harch in collaboration 
with Milton W. Sanderson and Gordon A. 
Marsh. University of Washington Press, 
Seattle, 1957. 393 pp. $7. 

The Pharmacologic Principles of Medi- 
cal Practice. A textbook on pharmacology 
and therapeutics for medical students, 
physicians, and the members of the pro- 
fessions allied to medicine. John C. 
Krantz, Jr. and C. Jelleff Carr. Williams 
& Wilkins, Baltimore, ed. 4, 1958. 1324 
pp. $14. 

Resources for the Future, Annual Re- 
port. For the year ending 30 Sept. 1957. 
Resources for the Future, Washington 6, 

1957. 89 pp. 

Trephine Technique of Bone Marrow 
Infusions and Tissue Biopsies. Henry Tur- 
kel. The author, 8000 W. Seven Mile 
Road, Detroit 21, ed. 8, 1957. 84 pp. 

Rapport Annuel sur le Fonctionnement 
Technique. Année 1956. Institut Pasteur 
du Viet-Nam. Saigon, Sud-Viétnam, 1957. 

138 pp. 

A Practical Guide to Plant Sociology. 
For foresters and agriculturists. F. R. 
Bharucha and W. C. DeLeeuw. Orient 
Longmans, Bombay, India, 1957. 46 pp. 

Expert Committee on Malaria, Sixth 
Report. WHO Tech. Rept. Ser. No. 123. 
84 pp. $0.60. Joint FAO/WHO Expert 
Committee on Milk Hygiene, First Report. 
WHO Tech. Rept. Ser. No. 124. 54 pp. 
$0.60. Juvenile Epilepsy, Report of a 
Study Group. WHO Tech. Rept. Ser. No. 
130. 44 pp. $0.30. Treatment and Care 
of Drug Addicts. WHO Tech. Rept. Ser. 
No. 131. 19 pp. $0.30. World Health Or- 
‘ ganization, Geneva, 1957. 
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Meetings and Societies 


Enzyme Chemistry 


The first International Symposium on 
Enzyme Chemistry, organized by the 
Science Council of Japan and held un- 
der the auspices of the newly formed In- 
ternational Union of Biochemistry, was 
held in Tokyo and Kyoto, 16 to 23 Octo- 
ber 1957. It was an excellent meeting, 
well attended by representatives from 
about 20 nations, including more than 
fifty scientists from the United States. 
This is reported to have been the largest 


international scientific meeting ever held 


in Japan. 

The four major topics under consider- 
ation were: (i) group transfer mecha- 
nisms; (ii) hydrogen, oxygen, and elec- 
tron transfer; (iii) formation of pro- 
teins and enzymes; and (iv) enzymes in 
industry. Nearly 1000 papers were pre- 
sented within each of the four major 
categories. Four special papers were 
given by scientists from the U.S.S.R., 
Germany, the United States, and Japan. 
Since this was one of the few occasions 
during which a large number of repre- 
sentatives from the East and West have 
met for scientific discussions on enzymes, 
it is especially fortunate that the pro- 
gram allowed adequate time for com- 
ments on the papers presented. The Pro- 
ceedings, which will include the written 
record of these discussions, will un- 
doubtedly be of great interest to scien- 
tists in the field of enzymology. 

In general, the Japanese have shown 
excellent progress in the purification of 
enzymes. (It is estimated that 20 per- 
cent of the national income of Japan is 
derived from industrial enzymology.) 
Cytochrome chemistry, particularly the 
demonstration of many highly purified 
or crystalline preparations, attests to 
their skill in this field. The Western 
countries, on the other hand, have pur- 
sued to a greater extent the study of 
reaction mechanisms, especially that of 
oxidative phosphorylation. The Russian 
delegation received considerable public- 
ity; press reports stated that Russian 
scientists are “closest to finding the se- 
cret to the artificial creation of life.” 

Japan appears to be an unusually 
good location for truly international sci- 
entific meetings. The entertainment of- 
fered by the organizing committee was 
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excellent; many scientists and their wives 
visited Japanese homes, national shrines, 
and Geisha teahouses. The Russian Em- 
bassy elaborately entertained in honor of 
the leader of their scientific delegation. 
The Communist Chinese delegation 
failed to arrive, and this was interpreted 
by some as a protest against the presence 
of the group from the Republic of China. 
The United States scientists feel that 
a great deal of valuable information was 
obtained. In addition, many personal 
contacts with professors and students of 
Japanese universities were made or rein- 
forced, and a much closer scientific rela- 
tionship will be possible in the future. 
Britton CHANCE 
School of Medicine, University of 
Pennsylvania, Philadelphia 


Forthcoming Events 


March 


25-27. Occupational Safety, President’s 
Conf., Washington, D.C. (President’s 
Conf. on Occupational Safety, U.S. Dept. 
of Labor, Washington 25.) 

26-28. American Power Conf., 20th 
annual, Chicago, Ill. (Illinois Inst. of 
Technology, 35 W. 33 St.. Chicago 16.) 

27-29. American Physical Soc., Chi- 
cago, Ill. (E. R. Fitzgerald, Dept.’ of 
Physics, Pennsylvania State Univ., Uni- 
versity Park.) 

27-29. Mechanisms of Hypersensitivity, 
8th internatl. symp., Detroit, Mich. (W. 
J. Nungester, Dept. of Bacteriology, Univ. 
of Michigan, Ann Arbor. ) 

27-29. National Science Teachers As- 
soc., 6th natl., Denver, Colo. (R. H. 
Carleton, NSTA, 1201 16 St., NW, Wash- 
ington 6.) 

27-29. Optical Soc. of America, an- 
nual, Washington, D.C. (S. S. Ballard, 
Scripps Institution of Oceanography, San 
Diego 52, Calif. ) 

28. New Jersey Acad. of Science, 3rd 
annual, Newark. (H. L. Silverman, Nut- 
ley Public Schools, Nutley, N.J.) 

29. South Carolina Acad. of Science, 
annual, Charleston. (Miss M. Hess, Dept. 
of Biology, Winthrop College, Clemson, 
S.C.) 

29-30. American Psychosomatic Soc., 
15th annual, Cincinnati, Ohio. (T. Lidz, 
551 Madison Ave., New York 22.) 

30-3. American College Personnel As- 
soc., annual, St. Louis, Mo. (L. Riggs, 
DePauw Univ., Greencastle, Ind.) 


April 


1. Microcirculatory Conf., 5th, Buffalo, 
N.Y. (S. R. M. Reynolds, Dept. of Anat- 
omy, Univ. of Illinois College of Medi- 
cine, 1853 W. Polk St., Chicago 12.) 

1-2. Alabama Acad. of Science, annual, 
Birmingham. (H. M. Kaylor, Dept. of 
Physics, Birmingham-Southern College, 
Birmingham. ) 

1-3. Corrosion Control, 5th annual 
conf., Norman, Okla. (M. L. Powers, Ex- 
tension Div., Univ. of Oklahoma, Nor- 
man.) 

2-4. American Assoc. of Anatomists, 
annual, Buffalo, N.Y. (L. B. Flexner, 
Dept. of Anatomy, School of Medicine, 
Univ. of Pennsylvania, Philadelphia 4. ) 

2-4. Instruments and Regulators Conf., 
Newark, Del. (W. E. Vannah, Control 
Engineering, 330 W. 42 St., New York 
36.) 

3-5. Pennsylvania Acad. of Science, 
annual, Easton, Pa. (G. R. Stevens, Dept. 
of Geology and Geography, Lafayette 
College, Easton. ) 

4-5. Southern Soc. for Philosophy and 
Psychology, annual, Nashville, Tenn. (W. 
B. Webb, U.S. Naval School of Aviation 
Medicine, Pensacola, Fia.) 

7-11. American Assoc. of Cereal Chem- 
ists, annual, Cincinnati, Ohio. (J. W. 
Pence, Western Utilization Research Lab- 
oratories, Albany, Calif.) 

8-10. Electronic Waveguides Symp., 
New York. (J. Fox, Microwave Research 
Inst., Polytechnic Inst. of Brooklyn, 55 
Johnson St., Brooklyn 1, N.Y.) 

9-12. National Council of Teachers of 
Mathematics, Cleveland, Ohio. (M. H. 
Ahrendt, NCTM, 1201 16 St, NW, 
Washington 6.) 

9-14. Applied Psychology, 13th inter- 
natl. cong., Rome, Italy. (L. Meschieri, 
National Inst. of Psychology, Rome.) 

10-11. American Inst. of Chemists, an- 
nual, Les Angeles, Calif. (L. Van Doren, 
AIC, 60 E. 42 St., New York 17.) 

10-12. Biometric Soc., ENAR, Gatlin- 
burg, Tenn. (T. W. Horner, General 
Mills, Inc., 400 Second Ave. South, Min- 
neapolis 1, Minn.) 

10-12. National Speleological Soc., an- 
nual, Gatlinburg, Tenn. (G. W. Moore, 
Geology Dept., Yale Univ., New Haven, 
Conn. ) 

10-12. Ohio Acad. of Science, annual, 
Akron, Ohio. (G. W. Burns, Dept. of 
Botany, Ohio Wesleyan Univ., Delaware, 
Ohio. ) 

11, Vitamin B-12 Symp., New York, 
N.Y. (Miss J. Watson, 451 Clarkson Ave., 
Brooklyn 3, N.Y.) 

11-12. Eastern Psychological Assoc., 
annual, Philadelphia, Pa. (G. Lane, Dept. 
of Psychology, University of Delaware, 
Newark. ) 

11-12. Montana Acad. of Sciences, an- 
nual, Missoula. (L. H. Harvey, Montana 
State Univ., Missoula.) 

71-18. Horticultural Conf., 15th inter- 
natl., Nice, France. (Secretariat General, 
84, rue de Grenelle, Paris 7°, France.) 

12. Society for the Scientific Study of 
Religion, New York. (L. Whitman, 297 
Fourth Ave., New York, N.Y.) 


(See issue of 21 February for comprehensive list) 
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LETTERS 


The editors take no responsibility for 
the content of the letters published in this 
section. Anonymous letters will not be con- 
sidered. Letters intended for publication 
should be typewritten double-spaced and 
submitted in duplicate. A letter writer 
should indicate clearly whether or not his 
letter is submitted for publication. For ad- 
ditional information, see Science 124, 249 
(1956) and 125, 16 (4 Jan. 1957). 


Hungarian Scientists in the 
United States 


December 1957 marks the first anni- 
versary of the arrival in the United 
States of America of many Hungarian 
scientists from Austria, Yugoslavia, and 
other countries as a result of the Hun- 
garian freedom fight. 

On this occasion we want to thank the 
National Academy of Sciences, which 
understood our problems and came to 
our aid in finding homes and jobs for 
us in the New World. The Academy 
initiated a program of professional 
placement of scientifically qualified per- 
sons among the refugees. Between 19 
Dec. 1956, and 1 May 1957, the Acad- 
emy assisted more than 750 of the 
Hungarian scientists at Camp Kilmer. 
Between 1 May and 8 December the 
Academy had an office in Brooklyn, New 
York, which helped several hundred 
more Hungarian refugees to find pro- 
fessional positions in this country. In 
March the Academy sent a special mis- 
sion to Vienna to help us, and in August 
it sent another mission to Yugoslavia. 

Through the Academy’s program 
most of us have found work in our own 
fields, and the program continues for 
the few people who have not found suit- 
able work and for the other few refugees 
who are still arriving in the United 
States. The Academy has given some of 
us study courses in English to help us 
in our new positions. The majority of 
the scientists have been placed in posi- 
tions where they can continue their re- 
search work or further their education. 

On this anniversary the many refugee 
scientists from Hungary wish to thank 
the National Academy of Sciences and 
the many universities, institutes, research 
laboratories, and industrial companies 
for their wonderful help. We all hope 
that our temporary home will become 
our permanent home, and we hope to 
prove our worthiness, 

ManvueEta Kocutowicz 
Washington, D.C. 


On the Vitalistic- Mechanistic 
Controversy 
I have discovered a “new” kind of 


bird. It has fur and mammary glands 
and most people call it a mammal but 
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that is just because of their ignorance 
and prejudice. “The idea” of a bird 
which suckles its young “is altogether 
new. But it is of outstanding impor- 
tance, and we must become used to it” 
(italics mine). Sounds silly, doesn’t it? 
However, it is simply a paraphrase of 
Koch’s [Sci. Monthly 85, 254 (1957)] 
quotation from Bronowski on the “new” 
kind of machine which “covers all the 
basic actions of living things, from the 
search for food in the lowest cell to the 
boldest creations of the human imagina- 
tion” and which everyone else calls a 
“living thing.” 

Therefore, while we can take conso- 
lation in the fact that the author’s “jus- 
tifiable conclusion [page 255] seems to 
be that the vitalistic-mechanistic contro- 
versy, in its original formulation, is now 
almost meaningless for scientists,” never- 
theless I don’t believe that calling a liv- 
ing thing by a new name—‘“predictor” 
—changes its nature one iota. “A rose 
by any other name... .” 

Finally, with what “testable stand- 
ards” (italics mine) does the author 
(page 255) propose to “fetter” the flight 
of the poet or the brush of the artist? 

P. H. YANcEY 
Department of Biology, Spring Hill 
College, Mobile, Alabama 


Father Yancey’s paraphrase, perhaps, 
was meant to ridicule Bronowski’s esti- 
mate of the great importance of the 
idea of an organism as a predictor. How- 
ever, his choice of a bird with fur and 
mammary glands as an altogether new 
idea hardly makes an effective analogy. 
Yancey’s argument does sound silly be- 
cause it is so patently false. The mono- 
trematous mammal has been known to 
exist for a long time, and the duckbill is 
listed in all encyclopedias and diction- 
aries. Its Latin name, Ornithorhynchus, 
clearly refers to its birdlike character- 
istics. 

Presumably, Father Yancey has no 
logical arguments with which to refute 
my conclusions and so has used a strata- 
gem with which he hopes to sidestep 
the basic issues on which we have dif- 
fering opinions. In his essay on “The 
Origin of Life” [Bies 23, 212 (1952)], 
he concluded that the idea of emergent 
evolution “does not differ essentially 
from spontaneous generation,” and that 
this in turn is nothing more than “the 
development of. life from non-life by 
chance.” 

Modern theories of evolution entail 
the transactional relationship of causal 
patterns as well as of random factors, 
and the process giving rise to protoplasm 
is not believed to have recurred in later 
geological periods of the earth’s history. 
It is apparent that Yancey prefers to 
argue logically only when he can make 
the initial assumptions. 


Thus, having made the assumption 
that God’s words, as recorded in the 
Bible, are the absolute truth, one cannot 
be surprised that he is able to prove to 
himself that God “endowed matter with 
the power to develop into more and 
more complex forms until, when capable 
of supporting what we now call ‘life,’ 
this would emerge from a ‘seminal rea- 
son’ that He had implanted there in the 
original creation” [Bios 23, 215 (1952)]. 

I heartily agree with my critic that 
the nature of a material object is utterly 
independent of the language which we 
may apply to it, even when the language 
comes from the Christian Bible, or from 
St. Augustine, 

Finally, Yancey imputes that I pro- 
pose to fetter the flight of the poet and 
the brush of the artist with testable 
standards. In my article [Sci. Monthly 
85, 246 (1957)] I specifically stated that 
I do not deny the importance of such 
truth as might be embodied in a great 
painting or a musical composition; I am 
happy to add to these the flight of the 
poet. But my original conclusion still 
stands. These subjective aspects of truth 
will never be as reliable a guide for be- 
havior and. belief about objective’ phe- 
nomena as scientific inquiry. And I be- 
lieve this is especially true in the field 
of morality or values. 

It is curious that some vitalists assume 
that scientific theory is based on rigid 
determinism, whereas others make the 
accusation that it is based on chance 
alone. The two ideas are directly con- 
tradictory and are both false. But of 
course, the dissociation is convenient, 
and so the hapless scientist is assumed 
to be a mechanist when the question 
concerns the nature of life [Bios 23, 7-25 
(1952)] and a believer in chance alone, 
as above, when it is the origin of life 
that is under discussion. 

Leo F, Kocu 
Department of Biology, 
University of Illinois, Urbana 


Cancer Research 


In the issue of Science for 20 Decem- 
ber [126, 1283 (1957)], I noted that a 
board of scientific counselors has been 
appointed to pass upon and to direct 
cancer research at the National Cancer 
Institute. 

The fields of interest represented by 
these men are virology, surgery, phar- 
macology, medicine, radiology, and phys- 
ical chemistry. In view of the fact that 
the genetics of cancer has been so bril- 
liantly represented in cancer research at 
Bethesda, and since genetics plays a role 
in many cancers in man, I suggest that 
a geneticist in the field of cancer re- 


search should be added to this board. 


Mance T. 
Ohio State University, Columbus 
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BIOCHEMICALS 


EVERY PRODUCT ANALYZED 
EVERY ANALYSIS ON THE LABEL 


TYPICAL 
ANALYSIS 


WRITE FOR REFERENCE GUIDE AND PRICE 
LIST 123 CONTAINING COMPLETE 
SPECIFICATIONS OF EACH PRODUCT. 


PEPTIDES e FATTY ACIDS e ENZYMES e COENZYMES 
ANTI-METABOLITES PYRIMIDINES AMINO ACIDS 
CARBOHYDRATES e HORMONES e NUCLEO PROTEINS 
VITAMINS PURINES HORMONE INTERMEDIATES 
PLANT GROWTH HORMONES e MISC. BIOCHEMICALS 


PHOTOVOLT Line-Operated 
Multiplier FLUORESCENCE METER 


Mod. 540 


e High-sensitivity for measurement of low concentrations 
(full-scale setting for 0.001 microgram quinine sulphate) 
@ Micro-fiuorimetry with liquid volumes as low as 1 ml 
@ Low blank readings, strict linearity of instrument response 
@ Universally applicable due to great variety of available fil- 
ters, sample holders, adapters and other accessories 
@ Interference filters for high specificity of results and for 
determining spectral distribution of the fluorescent light 
e@ High-sensitivity nephelometry for low degrees of turbidities 
e Fluorescence evaluation of powders, pastes, slurries, and 
solids, also for spot-tests on filter paper without elution 


Write for Bulletin #392 to 


_MANN | 


138 Liberty Street, New York 6, N. Y. 


MANN RESEARCH 
LABORATORIES, INC. 


BEekman 3-5865 


PHOTOVOLT CORP. 


95 Madison Ave. 


New York 16, N. Y. 


ATOMOTRON 


MINIATURE 
ATOM 
SMASHER 

PRODUCES 


VOLTS 
e ABSOLUTELY 
SAFE 


In no sense of the word a toy or gadget. 
The ATOMOTRON is a scientific instru- 
ment capable of producing 75,000 volts— 
makes sparks up to 2” long—yet it is abso- 
lutely safe because the current is infinitesi- 
mal. The science teacher—science lover—or 
hobbyist can perform experiments to astound 
students—friends—family. Makes smoke dis- 
appear—defy gravity—turns propellers at a 
distance transforms atomic energy into 
light — makes artificial lightning — smashes 
atoms—demonstrates ionic space ship drive 
—and many other experiments. Constructed 
of the finest materials. Will do exactly—for 
instruction purposes—what generators that 
cost 3 to 10 times more will do, The perfect 
device to teach the secrets of atomic physics 
and electricity. Will hold an audience spell- 
bound as it performs trick after amazing 
trick. Includes an experiment kit and illus- 
trated experiment manual. Manual explains 
the “how” and “why.” You will invent 
many new experiments of your own. A fine 
research tool that will give years of bene- 
ficial service to the institution or individual 
who owns one. In kit form or assembled. 


Postpaid $14.95 
Assembled ............ Postpaid $19.95 
For either, add 80¢ for postage and 
handling in U.S.; $1.00 abroad. 
OLIVER GARFIELD CO., INC. 
Dept. S-280, 126 Lexington Ave., 
New York 16, N.Y. 


THE FISHES OF OHIO 
by 
Milton B. Trautman 


A distinguished contribution to ichthy- 
ology, ecology, hydrography, economic 
zoology, and good, sound natural history 
in general—from the Foreword by Carl 
L. Hubbs, University of California. 


704. pp. $6.50 


THEOPHRASTUS 
ON STONES 
A Modern Edition with Greek 


Text, Translation, Introduction, 
and Commentary 


by 
Earle R. Caley and 
John C. Richards 


An important publication for scholars 
and students interested in the history of 
pure and applied science. 


248 pp. $6.00 


order from your bookstore 
or 
The Ohio State University Press 
Columbus 10 


Get UNITRON’ 


Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today's 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both begi and adv d 
amateurs, 


Please rush to me, free of charge, UNITRON's new Observer's 
| Guide and Telescope Catalog. | 


Name 
Street. 


State 
S2D 
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Opens New Fields of Research and Control... 


e thermogravimetric analysis 


e investigation of 

EVAPORATION, ABSORPTION, CORROSION, OXIDATION, 
DECOMPOSITION ...and other reactions in which weight-vs-time 
or weight-vs-temperature (or other factor) is significant. 


Ainsworth Type AU-I Recorder Ainsworth Type BR Analytical Balance 


See it on Display « This new Record-A-Weigh will 
be on exhibit at the Pittsburgh Conference in March and 
the Pacific Chemica! Exposition in San Francisco in April. 


WRITE FOR 
BULLETIN 158 


| | 
i AA | /| | 
WML AINSWORTH & SONS, INC 
LAWRENCE STREET DENVER 5, COLORADO 


time 


AINSWORTH 


RECORD-A-WEIGH 


Shows 
Instantaneous 
Weight and Rate 
of Change 


This new laboratory instrument com- 


bines the range and accuracy of the 
Ainsworth Analytical Balance with a 
continuous record and automatic 
operation. 


Records weight changes for long or 
short periods on a chart 11” wide 
representing 110 mg. Accuracy and 
readability are plus or minus 1/10 
mg. Capacity 200 grams. 


Automatically adds or subtracts 
weights as required to rescale re- 
corder pen. Range of automatically 
controlled weights is 4 grams. This 
is 40 chart widths—and the record- 
ing is linear all the way. 


Samples can be placed on the balance 
pan or suspended in a controlled 
environment, above or below the 
balance. 


Research 
and development 
of new instruments like this, 

are made possible by 
your purchase of products 


“MADE IN U.S.A.” 


WM. AINSWORTH & SONS, INC. 


The information reported here is ob- 
tained from manufacturers and from 
other sources considered to be reliable. 
Science does not assume responsibility 
for the accuracy of the information. All 
inquiries concerning items listed should 
be addressed to Science, Room 740, 11 
W. 42 St., New York 36, N.Y. Include 
the name(s) of the manufacturer(s) and 
the department number(s). 


™ AUTOMATIC RECORDING REFLECTOMETER 
measures reflectance as the ratio of light 
in a test beam relative to that in a com- 
parison beam. The instrument is capable 
of measuring whiteness, degree of yel- 
lowness, flashing and fading, amount of 
blueing, and other factors. (Gardner 
Laboratory, Inc., Dept. $915) 


™ PULSE GENERATOR provides repetition 
rates from 1 cy/sec ts 10 Mcy/sec. Pulse 
durations are variable from 0.02 usec to 
12.5 usec. Rise time is 8 musec. Positive 
and negative pulses of 40-v amplitude are 
simultaneously available. Internal imped- 
ance is 185 ohm. (Rutherford Electronics 
Co., Dept. S920) 


™ MECHANICAL VACUUM PUMP is de- 
signed for portability. Vertical design 
eliminates the usual belt-and-pulley 
drive and makes the pump leakproof. 
Free-air displacement is 50 lit/min with 
a guaranteed absolute pressure of 0.1 pb. 
(Arthur F. Smith Co., Dept. S921) 


™ MULTIPLIER PHOTOTUBE is sensitive to 
red and near-infrared radiation. The 
spectral response covers the range 4200 
to 11,000 A; maximum response is at 
about 8000 A. The tube uses a semi- 
transparent cathode of 1.24-in. minimum 
diameter on the inner surface of the face 
end of the bulb. Time resolution is such 
that an input pulse having a duration of 
1 musec or less will produce an anode 
pulse of about 5-musec spread, measured 
at 50 percent of maximum pulse height. 
The transit-time spread can be reduced 
to 2 musec by restricting the sensitive 
area. (Radio Corporation of America, 
Dept. $922) 


® ELECTRIC THERMOMETER, manufactured 
by Elektrolaboratoriet, Copenhagen, 
Denmark, operates on the thermocouple 
principle. Automatic compensation for 
ambient temperature eliminates the ne- 
cessity for temperature control of a ref- 
erence thermocouple. A variety of appli- 
cators adapt the instrument to a wide 
range of physiological temperature meas- 


urements, All applicators are adjusted'so - 


that they are ready to use and are stand- 
ardized for replacement. The galvanom- 
eter-indicator scale length is 250 mm. 
Standard temperature range is 16° to 
46°C, divided into intervals of 0.1°C. 
(Chemical and Pharmaceutical Industry 
Co., Inc., Dept. $923) 


™ PHOTOGRAPHIC SENSITOMETER provides 
a gray-scale exposure for test of photo- 
sensitive materials. Pushbuttons select 
exposure times of 0.01, 0.001 and 0.0001 
sec. Repeatability from flash to flash is 
within +5 percent, and uniformity of 


ight across the exposure plane is within 
+2 percent. Color quality is that of day- 
light. Filters can be added to approxi- 
mate a tungsten source. (Edgerton, Ger- 
meshausen and Greer, Inc., Dept. $924) 


"RESISTANCE WELDER permits welding 
of components directly to printed or 
etched wiring boards. Series-type welds, 
two simultaneous welds from one side of 
the work, can be made. The twin upper 
electrode arms are electrically independ- 
ent and are continuously adjustable for 
pressure settings up to 25 Ib. The 
equipment is_ self-contained. (Weld- 
matic, Dept. S919) 


™ PITCH-YAW INDICATOR provides poten- 
tiometer output linear with angles of 
pitch and yaw. Ranges up to 27.5 deg 
are available with indicating accuracy of 
0.1 deg. High-temperature components 
are used to permit operation at high 
Mach numbers. (Edcliff Instruments, 
Dept. S918) 


ACCELERATION AND VELOCITY TRANS- 
DUCERS of peak-reading type measure the 
plastic deformation of a metal sphere 
caused by a movable-piston mass. Avail- 
able ranges are from 0 to 2000 and 0 to 
50,000 g. Accuracy is +5 percent over 
most of the range. (Avionic Products 
Engineering Corp., Dept. S916) 


"TACTILE COMMUNICATION SYSTEM, the 
“Teletac,” is offered to provide the deaf 
with additional means of instant com- 
munication. The basic system consists of 
a single apparatus whereby the five 
fingers of the “speaker” press vibration- 
sending piano-type keys and the five 
fingers of the listener rest on correspond- 
ing sensitive receiving diaphragms. The 
speaker portion measures 6 by 10 by 2 
in., the listener portion 8 by 9 by 2 in. 
The problem of optimum coding for use 
with the device remains to be solved. 
(Ramo Wooldridge Corp., Dept. S927) 


™ BALANCE of semiautomatic, single-pan 
type may be used for weights from 0.1 
mg to 200 g. The unit is of two-beam 
design; initial rough weighing is done on 
one beam, and over- or under-weight is 
indicated by signal light; final weighing 
adjustments are made automatically on 
a fine-weighing beam. Wear of the knife- 
edge is said to be reduced as a result. 
The optical-lever optical system used for 
indication projects an image of 10,000 
divisions, each representing 0.1 mg. (Tor- 
sion Balance Co., Dept. S929) 


™ COMPUTING INDICATOR displays two in- 
dependent variables and a third variable 
which is a function of the two. Two 
direct-current reflecting galvanometers 
project lines extending across the screen 
of the indicator. One, a horizontal line, 
moves vertically in proportion to cur- 
rent, the other, vertical line, moves hori- 
zontally, The screen carries a family of 
curves representing a function which is 
read from the intersection of the two 
lines. (Aero Electronics Co., Dept. 
$933) 

JosHua STERN 
National Bureau of Standards 


WM 


An Important New Title 


at General Electric’s 
Heavy Military Electronic 
Equipment Department 


General Electric right now offers 
technical writers an opportunity 
for increased professional status 
and growth potential. Newly 
designated positions... engineer- 
technical publications...require 
above average technical compe- 
tence for the preparation of 
instruction books and technical 
manuals for HMEE’s complex 
military electronic systems. 


ENGINEERS TECHNICAL PUBLICATIONS 
prepare creative manuscript for 
operations, training and field main- 
tenance handbooks. Subject mate- 
rial includes circuit theory, systems 
philosophy, operation and installa- 
tion of heavy radar, sonar, air traf- 
fic control, ICBM guidance systems. 


ENGINEERS TECHNICAL PUBLICATIONS 
must have the academic and prac- 
tical know-how to gather and 
document material through daily 
contact with design engineers, 
factory test, product service and 
manufacturing personnel, while in- 
terfering as little as possible with the 
normal daily work of these groups. 


Requirements: ¢ U.S. citizenship 
e Ability to secure SECRET clear- 
ance e BSEE or BS Physics or 
equivalent technical competence. 
e Field experience (e.g. military 
electronic equipment maintenance) 
highly desirable. ¢ High talent in 
assimilation, organization and pre- 
sentation of technical material. 


Expense-paid interviews for quali- 
fied applicants. Please send your re- 
sume to Mr. George B. Callender. 


HEAVY MILITARY 
ELECTRONIC EQUIPMENT DEPT. 


GENERAL @@ ELECTRIC 


Dept. 63-I-W, Court Street, 
Syracuse, N. Y, 


-——PERSONNEL PLACEMENT—— 


CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Number 
counts as 10 additional words. Pay- 
ment in advance is required. 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Massachusetts Ave., NW 
Washington 5, D.C 


[||| POSITIONS WANTED ||| 


Bioanalytic Chemist, Ph.D., 1951. Diversified 
experience in methodology, laboratory and thesis 
supervision in university hospital. Research in- 
terests: instrument and method development; 
medicinal synthesis, Desires research or teach- 
ing post with wider responsibility. Box 45, 
SCIENCE. 


Bioscience, Ph.D. Age 45. Seeking. position in 
medical institution teaching bioscience or mathe- 
matics while studying for M.D. Location im- 
material. Box 48, SCIENCE. 3/7 


POSITIONS OPEN |i 


Enzymologist, Ph.D., for interesting research 
project in intermediary metabolism at an eastern 
university. Apply Box 47, SCIENCE. x 


Microbiologist. Preferably a recent Ph.D. to 
participate in a long-range research program 
concerning immunological and biochemical as- 
pects of mycology in a large California uni- 
versity. Major training in either mycology, bac- 
teriology, or virology, and minor training in 
biochemistry desirable. Applicants should reply 
to Box 21, SCIENCE. Py 


NEW WORLD-WIDE SUMMER PLACE. 
MENT DIRECTORY. Thousands of oppor- 
tunities in all states, many foreign lands for 
science teachers, and so forth, who have the 
summer free. Includes study awards, industry, 
camps, resorts, ranches, travel tour agencies, 
earning free trips to Europe, and so forth. Earn, 
learn, and travel while you vacation. Complete 
re, including salaries. Send $2 now. 
RUSADE, Sci., Box 99, Station G, Brooklyn 
22, eow 


PHARMACIST 


With knowledge and experience in 
handling of biological materials and 
sterile preparations. Excellent work- 
ing conditions and company benefits. 
Send résumé to: 
JOHNSON & JOHNSON 
RESEARCH CENTER 
U.S. Highway No. 1 
New Brunswick, New Jersey 


Botanist, Ph.D. Teaching-research. Experienced, 
publications. Ecology, taxonomy, conservation. 
Box 46, SCIENCE. 3/7 


Microbiologist, Ph.D., 34; 9 years of academic, 
industrial research: ‘fermentations, quantitative 
virology, tissue culture, bioassay, extraction and 
purification of antibiotics. Patents; publications. 
Presently project leader with prominent mid- 
western pharmaceutical company. Wishes to re- 
locate East in responsible, challenging research 
position. Box 42, SCIENCE. 2/2 


Research Scientists, man and wife, Ph.D.; nu- 
trition and foods and chemistry, 
respectively. Desire relocation other than South 
or Southwest, commercial or college; 6 years 
of research experience, publications, ages 36 
and 38. Box 38, SCIENCE. 2/28 


Zoologist, Ph.D.; 1 year grant supported post- 
doctoral research. Publications; 6 years’ teach- 
ing and research at midwestern universities. 
Vertebrate zoology, ornithology, mammalogy, 
and ecology. Dynamic, lucid, and meticulous 
lecturer. Desires university position in teaching 
and research. Box 41, SCIENCE, 2/28; 3/7 


POStTIONS OPEN lil 


Anatomist. Assistant professor or instructor for 
medical and dental school teaching, prefer per- 
son experienced in teaching of gross anatomy. 
Box 49, SCIENCE. 3/7, 14 


Bacteriologist, male or female; senior techni- 
cian with bacteriology-serology training to as- 
sist with research at Lobund Institute, Univer- 
sity of Notre Dame. State qualifications, 2/28 


(a) Bacteriologist and (b) Chemist; M.S. pre- 
ferred, clinical experience necessary; newly cre- 
ated positions in private laboratory, two patholo- 
gists supervising several area hospital labora- 
tories; research opportunity if desired, excellent 
facilities; to $6000; attractive midwestern city. 
(c) Research Pharmacologist; Ph.D. with CNS 
or cardiovascular training for basic research 
studies, new medicinal compounds, report, evalu- 
ate findings; $7500 up; eastern concern. (d) 
Chief Biochemist, Ph.D., able to initiate, coordi- 
nate basic clinical research program; large uni- 
versity affiliated hospital; to $8600; Southeast. 
(e) Assistant Microbiologist; degree bacteriol- 
ogy, serology or trained technologist; teaching 
duties in approved technology school; 500-bed 
general hospital; Midwest. (f) Bacteriologist; 
head department, active laboratory under super- 
vision two pathologists; minimum $5000; scenic 
college city; West. Woodward Medical Bureau, 


Ann Woodward, Director, 185 North 


Chicago. 


Professor of Physics, head of department. Good 
salary, midwestern college with excellent rec- 
ord. Located in small town near metropolitan 
areas. Ph.D. required. Box 43, SCIENCE. 2/28 


Supervising Hospital Biochemist for a clinical 
chemistry laboratory of a large university hos- 
pital affiliated with a medical college ; also teach- 
ing opportunity. Broad experience is required. 
Salary range up to $7830. Liberal personnel 
policies. Please address communication indicat- 
ing your background and experience to the Ad- 
ministrator, ooper, Cincinnati General 
Hospital, 3231 Burnet Avenue, Cincinnati 29, 
Ohio. 2/21, 28; 3/7 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com- 
plete job data, salaries. Members’ qualifications 
and vacancies listed free. 1 issue, $1.00. Yeari 
(12 issues) membership, $5.00. CR USADE, 
SCI., Box 99, Station G, Brooklyn 22, N.Y. ew 


THE MELVILLE TRUST 
FELLOWSHIPS IN CANCER RESEACH 

The Trustees of the above scheme invite ap- 
plications for Fellowships in Cancer Research 
commencing in October 1958, The initial stipend 
will be according to experience, but will be not 
less than £800 per annum; and funds are avail- 
able for the provision of equipment and for tech- 
nical assistance. A fellowship is normally awarded 
for a period of 2 years, but thereafter may be 
renewed, at the discretion of the Trustees. 

The research is normally to be carried out in 
one of the recognized clinical or scientific de- 
partments in Edinburgh, and, if possible, appli- 
cants should have made prior contact with the 
head of the appropriate department. If this is 
not possible, the Trustees will endeavor to make 
suitable arrangements. 

The research may deal with any aspect of 
malignant disease, and candidates need not neces- 
sarily hold a medical qualification. 

Applications, together with the names of three 
referees, should be submitted by 31 March 1958 
to the Honorary Secretary, Scientific Advisory 
Committee, The Melville Trust, Royal College 
of Surgeons, Edinburgh 8, from whom further 
particulars may be obtained. The application 
should be accompanied by an outline of the pro- 
posed research and by an account of any previous 
scientific or research experience, 

The expenses incurred in travelling to the 


United Kingdom by any research fellow ap- 


pointed from overseas will be defrayed by the 
Trust, which will also reimburse all candidates 
who are requested to attend for interview. x 
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BOOKS + SERVICES 


The MARKET PLACE 


SUPPLIES + EQUIPMENT 


DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 


Single insertion $26.00 per inch 


13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 


For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


ill BOOKS AND MAGAZINES || 


SCIENTIFIC JOURNALS WANTED 


Sets, Runs and Volumes bought at top prices. 
Your wants supplied from 
our Back Files of over 3,000,000 periodicals. 
Abrahams Magazine Service; N. Y. 3, N. Y. 


Your sets and files of 
scientific journals 


are needed by our library and institutional cus- 
tomers. Please send us lists and description of 
— files you are willing to sell at high mar- 
et prices. Write Dept. A3S, CANNER’S, Inc. 


ALBINO RATS 
SWISS MICE 


Price lists on request 


DAN ROLFSMEYER CO. 
Ph. ALpine 6-6149 
Route 3, Syene Road, Madison, Wisconsin 


Boston 20, Massachusetts 


HOLTZMAN 
COMPANY 


... continuous group uniformity 


Rte. 4, Box 205 Madison, Wis. 
Phone ALpine 6-5573 


2nd printing July 1957 


THE FUTURE OF 
ARID LANDS 


A symposium volume of the 
American Association for the 
Advancement of Science 


Edited by Gilbert F. White 
Department of Geography, 
University of Chicago 


6x9 inches, 464 pages, 49 illus- 
trations, index, clothbound, 
October 1956 


Price $6.75. AAAS Members’ pre- 
paid order price $5.75 . t 


The volume presents the ef- 
forts of scientists from 17 coun- 
tries and from as many disci- 
plines to assess the state of 
man’s struggle to make produc- 
tive and stable use of the 


world’s arid lands. 
ADVANCES IN raoressionat senvices | |) the papere and 
EXPERIMENTAL CARIES TRUESDAIL recommendations of the Inter- 
! RESEARCH No, Figueroa national Arid Lands Sympo- 
‘ - LABORATORIES, INC. a Coat 
Editor: Reidar F. Sognnaes sium and Conference, Albu 
Chemists - Engineers querque and Socorro, New 
Request Brochure and Publication Mexico, April and May 1955 
246 pp., 49 illus., index, clothbound, 1955 CHEMISTRY IN ACTION, on letterhead Hawaii AD 
2 This is the first h ifi- e€ symposium evelo 
d. mental production and prevention of C.E.P. Jeffreys, Ph... Technical Director The representation and treat- 
~ tooth decay in laboratory animals. t of the subi : 
i. Twenty distinguished investigators, ment of the subjects are highly 
al representing dentistry and allied Histology interdisciplinary and lead to 
— The breadth and scope are in- 
D ganized, the book represents a co- 
os herent sequence, and is " skillfully Industry and Research dicated by the groupings of 
i summarized by the editor in a final e L. Rozsa, M.D. the Conference recommenda- 
ing chapter, followed by very detailed 148 Georg io Buffalo 9, Stews Yoo tions: Anthropology, Archaeol- 
<4 subject and author indexes. ogy and Geography ; Meteorol- 
’ 
stil AAAS ogy and Climatology; Hydrol- 
1515 Avenue, NW ogy, Geology and Soils; Biology, 
Washington 5, D.C. ‘ SINCE 91870 
LaWall & Harrisson Ecology and Conservation; Or- 
CH Div, 1821 Walnut St, Philadephia 2, Pa ganization, Communication, and 
SUPPLIES AND EQUIPMENT Rey Pa Interdisciplinary Programs. 
end = Workers in all these fields, as 
ail & WSS. MICE — well as administrators of gov- 
och, BACTER ernment and private programs 
TISSUE STUDY TECHNIQUES USED pace 
pple HUNTINGDON FARMS, INC. THE SCIENTIFIC MONTHLY of information. 
is is 2548 NORTH 27th ST. PHILA. 32, PA. 
nake October 1915-December 1957 “An extremely useful and 
t of * ay Available Issues stimulating assessment of the 
e > ” 
ald albino rats ra x $0.75 per copy * $7.50 per year subject. 
and SPECIAL OFFER British Bree. & 
istar Strains Swinfen, Ltd., 46 St. Giles 
— ‘ 10 copies of one issue .. $ 6.00 High Street, London 
vation Hypophysectomized 50 copies of one issue .. $25.00 
Postage included in all prices AAAS 
the HENRY L. FOSTER, D.V.M. AAAS 1515 Massachusetts Ave., N.W.., 
, President and Director Washington 5, D.C 
y the THE CHARLES RIVER BREEDING LABS. 1515 Mass. Ave. NW, Washington 5, D.C. » UX, 
idates P.O. Box P, Brookline 46, Mass. 
aw 28 FEBRUARY 1958 
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WATER FOR INDUSTRY 


Edited by Jack B. Graham, Leggette, Brashears & Graham, New York, and 
Meredith F. Burrill, U.S. Department of the Interior. 


6 x 9 inches, 141 pages, 18 figures, index, 
clothbound, 1956. 
Price $3.75. AAAS Members’ prepaid order price $3.25. 


No. 45 in the symposium volume series of the American Association for 
the Advancement of Science. 


Industrial productivity requires material resources and human ingenuity, and, of all the 
materia] resources, water is used in greater amounts than any other. It constitutes in bulk by 
far the major constituent of all material commodities required by industry. Sensing the 
serious nature of the water problem in the coming years, and its pertinence not only to 
national security but, also to internal economic stability, the AAAS invited a panel of experts 
to present a symposium on Water for Industry. It was arranged by the AAAS Section on 
Geology and Geography, and cosponsored by the Sections on Engineering, Industrial Sci- 


ence, the Geological Society of America, the Association of American Geographers (New 
England Division), and the American Geophysical Union. 


The eventual solution to the problem of water for industry will not involve industry 
alone, for water is a common property which properly serves not one but many users, and the 
attainment of peak efficiency of water will not be easily or quickly realized; but not to strive 
for this husbanding of a vital resource would be as damaging to our national well-being as for 
a person to ignore a wound and slowly bleed to death. 


_This book provides a perspective of present and impending water problems, and a wide 


audience—especially government, industry, geology and geography, and conservation groups 
—will find it valuable reading. 


Contents 
The — Water Supply 
C. G. Paulsen, United States Geological Survey 
Water Requirements 


H. E. Hudson, Jr., Hazen and Sawyer, and Janet Abu-Lughod, American Council to Improve 
Our Neighborhoods 


Geographic Distribution of Manufacturing 
Meredith F. Burrill, Office of Geography, U.S. Department of the Interior 
ba and Steel: Fairless Works Water Supply 
Ross L. Leffler, United States Steel Corporation 
The Treatment and Disposal of Wastes in the Atomic Energy Industry 
Arthur E. Gorman, Division of Reactor Development, U.S. Atomic Energy Commission, and 
Charles V. Theis, United States Geological Survey 
Water Supply and Waste Disposal Requirements for Industry 
Sheppard T. Powell, Consulting Engineer, and E. L. Knoedler, yp ee T. Powell 
Antipollution Legislation and Technical Problems in Water Pollution Abatement 
. B. Hart, Pantech, Inc. 
Correction of a Fluviatile Delinquent: The Schuylkill River 


Francis A. Pitkin, Bureau of Community Development, i aaa of Commerce, Common- 
wealth of Pennsylvania 


Water in the Future 
J. Russell Whitaker, George Peabody College for Teachers 
Discussion 


Gilbert F. White, Department of Geography, University of Chicago 
Felix E. Wormser, U.S. Department of the Interior 


Also available: Volume #31 (paperbound, 1932), Industrial Science — Present and Future, $2.00 


British Agents — Bailey Bros. & Swinfen, Ltd., 46 St. Giles High Street, London 


American Association for the Advancement of Science 
1515 Massachusetts Avenue, NW, Washington 5, D.C. 
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= ways 


to measure molecular weights 
with the Ultracentrifuge 


The technique of ultracentrifugation — studying 
molecules while they are under centrifugal force —is a 
classic way to measure molecular weight and 

purity of viruses, enzymes, proteins, polymers and 


a number of advances have greatly extended both the eration, heating ond vacuum systems; interchangeable analytical 
> and preparative rotors; absorption, schlieren and Rayleigh fringe 

biochemical and industrial uses of the Ultracentrifuge. optical systems. 


At California Institute of Technology, Meselson, Stahl At the University of California at 


and Vinograd have reported a method of measuring density : Los Angeles, Mommaerts and 
and molecular weight simultaneously with the Analytical : Aldrich have used Rayleigh interference 
Ultracentrifuge. The method allows them to distinguish + fringe optics in conjunction with the 
between changes in density — such as might result : approach-to-equilibrium method to 
from folding or unfolding of a protein molecule— and : measure concentration distribution in the 


changes in molecular weight 
from actual loss or gain 
of atoms. The method has 


many promising applications. 


Ultracentrifuge cell. With this technique, 
they determined with excellent reproducibility 
the molecular weight of the long, thin 


protein, myosin, whose molecular weight 
It should prove a sensitive AV, had been difficult 
way to study denaturation 


: VY to measure with 
of proteins and such ; ZF standard velocity 
relationships as enzyme : ZF, sedimentation 
coenzyme dissociations. 4 methods. 


At Clark University, 
Kegeles, Klainer and Salem 
have expanded the rapid 
approach-to-equilibrium 
method of Archibald to deal ea | 
with polydisperse nonideal 
solutions. By selection of 
speed and centrifuging time 
for various concentrations 


At the University 
of California at 
Berkeley, Richards 
and Schachman have developed a differential 
technique for accurately measuring extremely 
small changes in sedimentation coefficient. Such 
changes might result from a change in molecular 
weight, change in frictional coefficient as with 
bonding a small ion to a protein molecule, 
of the polymer, the authors or change in buoyancy term as with D,O. 
obtained data early in the : In preliminary work, the authors have accurately 
Ultracentrifuge run which they could extrapolate to infinite : measured differences in sedimentation coefficient 
dilution to obtain weight-average molecular weights. as small as 0.05 svedbergs. 


AN INTRODUCTION 
To 
Ultracentritugation 
Techniques 


If Ultracentrifugation is new to you and you 
would like some interesting basic information 
on its usefulness in molecular research, we 
would like to send you a copy of a new tech- 
nical paper, “An Introduction to Ultracentrif- 
ugation Techniques.” A limited supply is also 


® 
available of the latest issue of “Fractions,” Beckm an Ss 5 
vol. 3, no. 2—a periodical sent to Ultracentri- pinco ivision 
fuge owners containing information on new Beckman Instruments, Inc. 


developments in equipment and technique. 
For copies of either of these publications, 
write Spinco Division, Beckman Instruments, 
Inc., Stanford Industrial Park, Palo Alto 5, 
California. 
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and vertical monocular 
bodies available. 35 mm | 
camera for crisp inexpen- | 


| 
: full 360° rotatable bodies, 
: ~=.. monocular, binocular and 


trinocular; inclined for 


No other microscope can offer 


you such a wide choice of 


interchangeable parts and "Focus the stage and the 


accessories. 

You can adapt the Microstar to 
*:your exact neéds with various 
‘combinations of readily inter- 


_ specimen to the objectives 

low positioned coarse 

and fine adjustments. 
‘Choose from 3interchange- 


able stages; graduated or 


changeable bodies, stages, bases @\ "graduated mechanical 
and optics. You have more than = L— - stages or the new Micro-. 
600 possible combinations or 
models to choose from. ee 

wqYour Microstar will be “just 

‘right’ for you in convenience, 
scomfort and the economy of 
real quality. 


‘The large fork-type con-_ 
denser mount allows 
you to interchange bright- 
field, phase and dark field 
condensers quickly and 
precisely. 


+ shoe base with double-plano mirror in 
_ fork mount, or built-in base illuminator. — 


| 
American Optical 
Microstar story. SPENCER 


wie fo Company 
BROCHURE S$B124. 


Dept. B-4 INSTRUMENT DIVISION, BUFFALO 15, NEW YORK 
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